(S, s) inventory policies in general equilibrium by Jonas D.M. Fisher & Andreas Hornstein
(S, s) Inventory Policies in General
Equilibrium
























sE7cr Lqyhqwru| Srolflhv lq Jhqhudo Htxloleulxp




Zh vwxg| wkh djjuhjdwh lpsolfdwlrqv ri +V>v, lqyhqwru| srolflhv lq d g|qdplf jhqhudo
htxloleulxp prgho zlwk djjuhjdwh xqfhuwdlqw|1 Ilupv lq wkh prgho*v uhwdlo vhfwru idfh
lglrv|qfudwlf ghpdqg ulvn/ dqg +V>v, lqyhqwru| srolflhv duh rswlpdo ehfdxvh ri {hg rughu
frvwv1 Wkh glvwulexwlrq ri lqyhqwru| kroglqjv dhfwv wkh djjuhjdwh rxwfrph lq wzr zd|v=
yduldwlrq lq wkh ghflvlrq wr rughu dqg yduldwlrq lq wkh udwh ri vdoh wkurxjk wkh sulflqj
ghflvlrqv ri uhwdlohuv1 Zh qg wkdw erwk phfkdqlvpv pxvw rshudwh wr uhfrqfloh revhuydwlrqv
wkdw rughuv duh pruh yrodwloh wkdq/ dqg lqyhqwru| lqyhvwphqw lv srvlwlyho| fruuhodwhg zlwk/
vdohv/ zkloh uhpdlqlqj frqvlvwhqw zlwk rwkhu vdolhqw exvlqhvv f|foh fkdudfwhulvwlfv1 Wkh
prgho h{klelwv vwurqj dpsolfdwlrq iru vrph vkrfnv/ dqg shuvlvwhqfh wr d olplwhg h{whqw1
MHO Fodvvlfdwlrq= H43/ H55/ H65
Nh|zrugv= Lqyhqwrulhv/ Exvlqhvv F|fohv/ Vhdufk/ Pdwfklqj
W Erwk dxwkruv wkdqn VVKUF iru qdqfldo vxssruw1 Zh dovr wkdqn Pdun Elov/ Kxjr
Krshqkd|q/ Lj Kruvwpdqq/ Plfkdho Sdunlq/ Ulfkdug Urjhuvrq/ vhyhudo dqrq|prxv uhihuhhv
dqg ydulrxv vhplqdu sduwlflsdqwv iru khosixo frpphqwv1 Kruqvwhlq wkdqnv wkh Lqvwlwxwh
iru Hpslulfdo Pdfurhfrqrplfv iru wkhlu krvslwdolw| gxulqj wkh wlph zkhq wklv surmhfw zdv
lqlwldwhg1 Dq| rslqlrqv h{suhvvhg duh wkrvh ri wkh dxwkruv dqg gr qrw qhfhvvdulo| uh hfw
wkrvh ri wkh Ihghudo Uhvhuyh Edqnv ri Fklfdjr dqg Ulfkprqg ru wkh Ihghudo Uhvhuyh
V|vwhp1 Rxu h0pdlo dgguhvvhv duh= mvkhuCiuefkl1ruj dqg kruqvwhlqCulfk1iue1ruj1
@ Ihghudo Uhvhuyh Edqn ri Fklfdjr1
K Ihghudo Uhvhuyh Edqn ri Ulfkprqg141 Lqwurgxfwlrq
Yduldwlrqv lq lqyhqwru| lqyhvwphqw irup dq lqwhjudo sduw ri wkh exvlqhvv f|foh1 Lq rughu wr xqghu0
vwdqg wkh uroh wkhvh yduldwlrqv sod|/ frqvlghudeoh dwwhqwlrq kdv ehhq irfxvhg rq E7cr lqyhqwru|
srolflhv1 Vwduwlqj zlwk Eolqghu +4<;4, dqg Fdsolq +4<;8,/ d vxevwdqwldo erg| ri olwhudwxuh kdv
hphujhg zklfk vwxglhv wkh djjuhjdwh lpsolfdwlrqv ri h{rjhqrxvo| jlyhq E7cr lqyhqwru| srolflhv
lq sduwldo htxloleulxp vhwwlqjv1 Frqgxfwlqj d frpsohwh vwxg| ri wkh pdfurhfrqrplf lpsdfw ri
wkhvh srolflhv uhtxluhv wkdw wkh| eh dqdo|}hg lq d jhqhudo htxloleulxp iudphzrun1 Wklv/ krzhyhu/
kdv suryhq wr eh gl!fxow ehfdxvh ri wkh suhvhqfh ri lglrv|qfudwlf ulvn dqg lwv lpsolfdwlrqv iru
wkh djjuhjdwh glvwulexwlrq ri lqyhqwru| kroglqjv1 Lq wklv sdshu zh ghvfuleh d zd| wr eulgjh wklv
jds ehwzhhq sduwldo dqg jhqhudo htxloleulxp dqdo|vlv14
Zh vwxg| d g|qdplf jhqhudo htxloleulxp prgho zlwk djjuhjdwh xqfhuwdlqw| zklfk lqfoxghv
d uhwdlo vhfwru1 Ilupv lq wkh uhwdlo vhfwru idfh lglrv|qfudwlf ghpdqg dqg xvh E7cr lqyhqwru|
srolflhv ehfdxvh ri {hg rughu frvwv/ dv lq Vfdui +4<93,1 Wkh prgho exlogv rq dqg h{whqgv wkh
zrun ri Fdsolq +4<;8, dqg Fdedoohur dqg Hqjho +4<<4, zkr frqvlghu wkh djjuhjdwh lpsolfdwlrqv
ri E7cr lqyhqwru| srolflhv iru d {hg qxpehu ri vhoohuv zkr iroorz srwhqwldoo| glhuhqw/ exw
{hg lqyhqwru| srolflhv/ dqg zkr idfh h{rjhqrxv vdohv15 Dowkrxjk zh dovr uhvwulfw dwwhqwlrq wr
wkh fdvh ri {hg lqyhqwru| srolflhv/ wkhvh srolflhv duh rswlpdo lq rxu hqylurqphqw1 Lq dgglwlrq/
zh lqfrusrudwh wzr jhqhudo htxloleulxp ihhgedfn hhfwv devhqw iurp wkh olwhudwxuh1 Iluvw/ wkh
qxpehu ri uhwdlohuv rughulqj ghshqgv rq wkh djjuhjdwh vwdwh ri wkh hfrqrp| yld hqwu| lqwr wkh
uhwdlo vhfwru16 Wklv frqwudvwv zlwk suhylrxv zrun lq zklfk wkh qxpehu ri uhwdlohuv rughulqj lv d
uhvlgxdo ghulyhg iurp vdohv dqg wkh glvwulexwlrq ri lqyhqwrulhv1 Vhfrqg/ wkurxjk wkh sulfh vhwwlqj
ehkdylru ri uhwdlo upv wkhuh lv ihhgedfn iurp wkh glvwulexwlrq ri lqyhqwrulhv wr ghpdqg dqg
vdohv1
Zh hydoxdwh wkh jhqhudo htxloleulxp prgho e| krz zhoo lw fdq dffrxqw iru wzr surplqhqw
4Suhylrxv zrun rq jhqhudo htxloleulxp prghov zlwk lqyhqwrulhv xvhv uhgxfhg irup uhsuhvhqwdwlrqv lq zklfk lq0
yhqwrulhv vlpso| duh dqrwkhu lqsxw wr surgxfwlrq1 Iru h{dpsohv/ vhh N|godqg dqg Suhvfrww +4<;5, dqg Fkulvwldqr
+4<;;,1 H{fhswlrqv lqfoxgh Fkulvwldqr dqg Ilw}jhudog +4<<4, dqg Ehqwdo dqg Hghq +4<<6,1
5Rwkhu vwxglhv dorqj wkhvh olqhv lqfoxgh Eolqghu +4<;4, dqg Oryhoo +4<<6,1
6Wklv lv vlplodu wr Ehqderx +4<;;, zkr vwxglhv d vhdufk hfrqrp| zlwkrxw djjuhjdwh ulvn zkhuh vhoohuv xvh +V>v,
srolflhv iru vhwwlqj sulfhv dqg wkh qxpehu ri vhoohuv lv hqgrjhqrxvo| ghwhuplqhg wkurxjk d iuhh0hqwu| frqglwlrq1
4vw|ol}hg idfwv ri lqyhqwru| lqyhvwphqw/ qdpho| wkdw rughuv duh pruh yrodwloh wkdq vdohv/ dqg wkdw
lqyhqwru| lqyhvwphqw dqg vdohv duh srvlwlyho| fruuhodwhg17 Zh qg wkdw wkh prgho grhv dffrxqw
iru wkhvh vw|ol}hg idfwv> pruhryhu wkh prgho dovr fruuhvsrqgv zhoo wr rwkhu vdolhqw fkdudfwhulvwlfv
ri wkh exvlqhvv f|foh1 Lq rughu wr dffrxqw iru wkh lqyhqwru| dqg vdohv hylghqfh erwk wkh hqwu| dqg
sulfh ihhgedfn hhfwv kdyh wr eh rshudwlrqdo1 Zh dovr qg wkdw lqfuhdvlqj {hg frvwv/ wkhuhe|
zlghqlqj wkh E7cr edqg/ dpsolhv wkh uhvsrqvhv ri djjuhjdwh yduldeohv wr vrph h{rjhqrxv
glvwxuedqfhv1 Wr d olplwhg h{whqw sursdjdwlrq hhfwv duh suhvhqw dv zhoo1 Ilqdoo|/ zh hvwdeolvk
h{lvwhqfh dqg xqltxhqhvv ri d vlpsolhg frpshwlwlyh htxloleulxp yhuvlrq ri rxu prgho lq zklfk
hqwu| lv wkh rqo| jhqhudo htxloleulxp ihhgedfn1 Zlwk wkh h{fhswlrq ri lqyhqwru| lqyhvwphqw ehlqj
srvlwlyho| fruuhodwhg zlwk vdohv/ wkh exvlqhvv f|foh lpsolfdwlrqv ri wklv prgho duh vlplodu wr wkh
pruh jhqhudo prgho1
Wkh uhvw ri wkh sdshu surfhhgv dv iroorzv1 Lq wkh qh{w vhfwlrq zh ghvfuleh wkh lqyhqwru|
sureohp iru d uhwdlohu zlwk {hg rughulqj frvwv zklfk zh xvh wr frqvwuxfw d vlpsoh sduwldo
htxloleulxp prgho ri wkh uhwdlo vhfwru1 Zh glvfxvv wkh djjuhjdwh lpsolfdwlrqv ri wkh rswlpdo
lqyhqwru| srolf| iru wklv h{dpsoh dqg frpsduh wkhp zlwk suhylrxv zrun1 Lq vhfwlrq 6 zh hpehg
wkh uhwdlo vhfwru lqwr d jhqhudo htxloleulxp vwrfkdvwlf jurzwk hqylurqphqw1 Lq vhfwlrq 7 zh
hpsor| wkh sduwldo htxloleulxp prgho dv d ehqfkpdun wr looxvwudwh dqg txdqwli| wkh ihhgedfn
hhfwv lq wkh jhqhudo htxloleulxp prgho1 Lq wkh iwk vhfwlrq zh frqfoxgh1
51 E7cr Lqyhqwru| Srolflhv lq Sduwldo Htxloleulxp
Wkh irxqgdwlrq ri rxu dqdo|vlv lv d vlpsoh h{dpsoh iurp Vwrnh| dqg Oxfdv +4<;</ ss1 6;<06<3,
zklfk fdswxuhv wkh hvvhqwldo fkdudfwhulvwlfv ri E7cr lqyhqwru| prghov vwxglhg wr gdwh1 Lq wklv
vhfwlrq zh h{whqg wkh h{dpsoh wr lqfrusrudwh sulfh vhwwlqj e| uhwdlohuv dqg xvh lw wr irupxodwh
d ehqfkpdun sduwldo htxloleulxp prgho zklfk idflolwdwhv lvrodwlqj wkh ihhgedfn hhfwv lq wkh
jhqhudo htxloleulxp prgho ghvfulehg lq wkh qh{w vhfwlrq1 Zh h{sorlw glvfuhwhqhvv lq wkh uhwdlohu
7Eolqghu dqg Pdfflql +4<<4, grfxphqw wkh vw|ol}hg idfwv ri rughuv2surgxfwlrq/ vdohv dqg lqyhqwru| lqyhvwphqw
iru ydulrxv vhfwruv ri wkh XV hfrqrp|1 Idlu +4<;<, kdv vxjjhvwhg wkdw wkhvh vw|ol}hg idfwv duh dq duwlidfw ri
phdvxuhphqw huuru ehfdxvh surgxfwlrq lv qrw gluhfwo| phdvxuhg1 Gluhfw gdwd rq txdqwlwlhv duh dydlodeoh iru d
olplwhg qxpehu ri jrrgv surgxflqj lqgxvwulhv dqg Idlu +4<;<, dqg Nudqh dqg Eudxq +4<<4, qg wkdw lq pdq|
ri wkhvh lqgxvwulhv surgxfwlrq lv ohvv yrodwloh wkdq vdohv1 Qrwh/ wkdw wkhvh h{fhswlrqv dsso| wr d vpdoo qxpehu ri
pdqxidfwxulqj lqgxvwulhv/ qrw wkh wudgh vhfwru rq zklfk zh irfxv khuh1
5hqylurqphqw dv grhv Fdsolq +4<;8,/ dqg dv lq suhylrxv sduwldo htxloleulxp zrun rughuv duh d
uhvlgxdo ghulyhg iurp vdohv dqg wkh lqyhqwru| glvwulexwlrq1 Lq wkh sduwldo htxloleulxp prgho
E7cr lqyhqwru| srolflhv dorqh idlo wr dffrxqw iru wkh edvlf lqyhqwru| idfwv dqg wkh| kdyh olplwhg
lpsolfdwlrqv iru exvlqhvv f|foh dqdo|vlv1 Wkhvh revhuydwlrqv duh frqvlvwhqw zlwk suhylrxv zrun
rq rqh0vlghg E7cr srolflhv lq sduwldo htxloleulxp/ iru h{dpsoh Fdsolq dqg Vsxoehu +4<;:,18
5141 Wkh Uhwdlohu Sureohp
Frqvlghu d ulvn0qhxwudo uhwdlohu zkrvh lqyhqwru| vwrfn fdq rqo| wdnh lqwhjhu ydoxhv/ % 'f ccc7 %1
Zh dvvxph wkdw wkhuh lv d fdsdflw| frqvwudlqw rq lqyhqwrulhv/ wkdw lv d uhwdlohu fdqqrw krog pruh
wkdq 7 % xqlwv ri wkh jrrg lq lqyhqwru|19 Li d uhwdlohu sodfhv dq rughu ri vl}h %:f vkh kdv wr
sd| f n ￿%/ zlwk fc￿ : f1 Lq dq| shulrg d uhwdlohu phhwv dw prvw rqh vkrsshu/ dqg wkh
suredelolw| ri wklv pdwfk lv w1 Ehiruh d uhwdlohu lv pdwfkhg zlwk d vkrsshu vkh srvwv d sulfh iru
wkh jrrg/ dqg d pdwfkhg vkrsshu pd| dffhsw ru uhmhfw wkh rhu1 Wkh xwlolw| d vkrsshu ghulyhv
iurp wkh frqvxpswlrq ri wkh jrrg lv udqgrp dqg qrw revhuyhg e| wkh uhwdlohu1 D vkrsshu zloo
dffhsw wkh rhu dw sulfh R dqg ex| rqh xqlw ri wkh jrrg/ li wkh xwlolw| iurp frqvxpswlrq lv
vx!flhqwo| kljk1: Wkh dffhswdqfh suredelolw| B lv d ghfuhdvlqj ixqfwlrq ri wkh srvwhg sulfh1
Wkh suredelolw| wkdw d uhwdlohu vhoov d jrrg lq dq| shulrg lv wkhq wBER1
Ohw -: eh wkh jurvv uhdo lqwhuhvw udwh/ wkhq lw lv qhyhu rswlpdo iru wkh uhwdlohu wr rughu
ehiruh wkh lqyhqwru| vwrfn lv ghsohwhg1 Wklv lv vr ehfdxvh srvwsrqlqj wkh rughu iru rqh shulrg
grhv qrw dhfw uhyhqxh iurp vdohv/ exw uhgxfhv wkh suhvhqw ydoxh frvw ri wkh rughu1 Wkh h{shfwhg
8Iru d rqh0vlghg +V>v, srolf| wkh vwdwh yduldeoh prqrwrqlfdoo| ghfolqhv zlwkrxw lqwhuyhqwlrq dqg rqfh wkh
vwdwh yduldeoh uhdfkhv lwv orzhu erxqg v lw lv uhvhw wr wkh xsshu erxqg V1 Iru d wzr0vlghg +V>v, srolf| wkh vwdwh
yduldeoh pd| lqfuhdvh ru ghfuhdvh dqg zkhq wkh vwdwh yduldeoh uhdfkhv lwv xsshu ru orzhu erxqg lw lv uhvhw wr
vrph lqwhulru srlqw/ v?v ￿ ?V 1 Fdsolq dqg Ohdk| +4<<4, dujxh wkdw rqh0vlghg dqg wzr0vlghg +V>v, srolflhv fdq
kdyh yhu| glhuhqw lpsolfdwlrqv iru djjuhjdwh rxwfrphv1 Iru rxu lqyhqwru| sureohp rqh0vlghg +V>v, srolflhv duh
rswlpdo1
9Wklv lv qrw d uhvwulfwlrq vlqfh zh fdq dozd|v fkrrvh  { vr wkdw lw grhv qrw frqvwudlq rswlpdo ghflvlrqv
rq lqyhqwru| kroglqjv1 Zh lqwurgxfh d fdsdflw| frqvwudlqw ehfdxvh lw vlpsolhv wkh glvfxvvlrq ri wkh jhqhudo
htxloleulxp hqylurqphqw lq wkh qh{w vhfwlrq1
:Lq d pxowlvwdjh prgho ri edujdlqlqj zkhuh d vhoohu pdnhv vhtxhqwldo sulfh rhuv wr d ex|hu zlwk xqnqrzq
ghpdqg iru wkh jrrg/ Vreho dqg Wdndkdvkl +4<;6, kdyh vkrzq wkdw d wdnh lw ru ohdyh lw rhu zlwk d srvwhg sulfh
lv rswlpdo/ li wkh vhoohu fdq frpplw wr d vhtxhqfh ri sulfh rhuv/ dqg wkh vhoohu lv dw ohdvw dv sdwlhqw dv wkh ex|hu1
6fdslwdo ydoxh ri d uhwdlohu zlwk d srvlwlyh lqyhqwru| ohyho % lv











dqg wkh rswlpdo rughu vl}h vroyhv
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Fohduo| dq rswlpdo lqyhqwru| srolf| iru wkh uhwdlohu lv ri wkh E7cr ydulhw|1 Lq sduwlfxodu wkh
srolf| lv wr rughu qrwklqj li % lv srvlwlyh dqg wr rughu %W xqlwv li % 'f 1; Wkhuh duh qr gluhfw
frvwv dvvrfldwhg zlwk lqyhqwru| kroglqjv/ wkhuhiruh T% lv srvlwlyh dqg qrqghfuhdvlqj lq %1L q
Sursrvlwlrq 4 +doo sursrvlwlrqv duh vwdwhg dqg suryhg lq wkh dsshqgl{, zh vkrz wkdw xqghu
zhdn dvvxpswlrqv derxw ghpdqg BER/ wkh lqfuhphqwdo ydoxh ri rqh xqlw ri lqyhqwru| T% T%3￿
lv ghfolqlqj zlwk kljkhu lqyhqwru| kroglqjv1< Wklv surshuw| lv lpsolhg e| wkh dvvxpswlrq ri
srvlwlyh glvfrxqwlqj dqg wkdw dq dgglwlrqdo xqlw ri lqyhqwru| fdqqrw eh vrog ehiruh doo suhfhglqj
lqyhqwru| xqlwv kdyh ehhq vrog1
Wkh rswlpdo sulfh fkrlfh fdq eh lqwhusuhwhg dv d vlpsoh vwdwlf surw pd{lpl}dwlrq sureohp
i r udp r q r s r o l v w /












zkhuh wkh pdujlqdo frvw ri d vdoh lv wkh glvfrxqwhg suhvhqw ydoxh ri wkh fdslwdo orvv ri kdylqj rqh
ohvv xqlw ri wkh jrrg lq lqyhqwru|1 Ehfdxvh wkh fdslwdo ydoxh ri d uhwdlohu lv d cfrqfdyh* ixqfwlrq
ri wkh vwrfn ri lqyhqwrulhv/ wkh pdujlqdo frvw ri d vdoh lv ghfolqlqj zlwk kljkhu lqyhqwrulhv dqg
uhwdlohuv zlwk kljkhu lqyhqwrulhv fkdujh orzhu sulfhv1
;Lq jhqhudo/ +V>v,0lqyhqwru| srolflhv doorz iru wkh srvvlelolw| wkdw wkh uhwdlohu sodfhv dq rughu ehiruh doo
lqyhqwru| lv vrog1 Lq rxu hqylurqphqw wkh uhwdlohu zloo qrw rughu ehiruh vkh kdv vrog doo ri khu lqyhqwru|/ ehfdxvh/
hyhq wkrxjk wkh hyhqw ri d vdoh lv udqgrp/ wkh txdqwlw| wkh uhwdlohu fdq vhoo lv {hg1 Li wkh txdqwlw| wkh uhwdlohu
fdq vhoo lv dovr udqgrp/ wkh uhwdlohu pd| zdqw wr krog lqyhqwrulhv wr dyrlg d vwrfn0rxw/ Ndkq +4<;:,1
<Lq vhfwlrq 6 zh ghvfuleh dq h{solflw prgho ri ghpdqg dqg ghulyh wkh dffhswdqfh suredelolw| iurp dq hqylurq0
phqw zkhuh vkrsshuv xvh uhvhuydwlrq sulfh vwudwhjlhv1 Wkh surshuwlhv ri ghpdqg qhhghg iru Sursrvlwlrq 4 wkhq
iroorz iurp dvvxpswlrqv rq wkh suhihuhqfhv ri vkrsshuv1
75151 Lpsolfdwlrqv ri E7cr Lqyhqwru| Srolflhv lq Sduwldo Htxloleulxp
Wkh vwxg| ri E7cr lqyhqwru| prghov kdv ehhq sduwo| prwlydwhg e| wkh revhuydwlrq wkdw iru
wkhvh srolflhv rughuv ri d uhwdlohu duh pruh yrodwloh wkdq vdohv1 Djjuhjdwh rughuv dqg vdohv duh/
krzhyhu/ ghwhuplqhg e| wkh lqwhudfwlrq ri lqyhqwru| srolflhv dqg wkh glvwulexwlrq ri lqyhqwru|
kroglqjv1 Wkhuh lv wkhq qr uhdvrq wr h{shfw wkdw/ lq jhqhudo/ wkh ehkdylru ri plfurhfrqrplf dqg
djjuhjdwh yduldeohv lv forvho| uhodwhg143
Frqvlghu rxu h{dpsoh iurp deryh/ dvvxph wkhuh lv d frqwlqxxp ri lghqwlfdo uhwdlohuv/ dqg ohw
wkh wrwdo phdvxuh ri uhwdlohuv eh {hg dw 1 Vxssrvh wkhuh lv qr djjuhjdwh ulvn dqg ghpdqg/ wkdw
lv wkh hyhqw ri d vdoh/ lv frqvwdqw dqg lqghshqghqw dfurvv uhwdlohuv1 Lq wklv fdvh/ wkh rughu dqg
sulfh srolf| ghulyhg deryh lv rswlpdo dqg lw ghqhv d Pdunry surfhvv rq wkh lqyhqwru| ohyho iru
hdfk uhwdlohu1 Ohw }%c| ghqrwh wkh phdvxuh ri uhwdlohuv zlwk lqyhqwru| kroglqjv % dw wkh ehjlqqlqj
ri shulrg | ehiruh dq| rughuv kdyh ehhq sodfhg/ ohw 	 }%c| ghqrwh wkh phdvxuh ri uhwdlohuv zkr
kdyh ghsohwhg wkhlu lqyhqwru| vwrfn lq wkh suhylrxv shulrg dqg rughu % xqlwv dw wkh ehjlqqlqj ri
shulrg |/d q go h w7 }%c| ' }%c| n	 }%c| ghqrwh wkh wrwdo phdvxuh ri uhwdlohuv zlwk lqyhqwru| kroglqjv
% lq wkh pdunhw lq shulrg |1Q r w hw k d w
S7 %
%’￿ 7 }%c| ' 1
Lq wklv hqylurqphqw uhwdlohuv idfh lglrv|qfudwlf ulvn rqo|/ dqg/ dvvxplqj d odz ri odujh qxpehuv
krogv/ wkh glvwulexwlrq ri lqyhqwru| vwrfnv hyroyhv dv iroorzv
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zkhuh B% ' B ER% dqg R% lv wkh rswlpdo sulfh zlwk lqyhqwru| ohyho %1 Wkh phdvxuh ri uhwdlohuv
zlwk lqyhqwru| vwrfn % ghfolqhv ehfdxvh d iudfwlrq wB% ri wkhvh uhwdlohuv vhoo rqh xqlw dqg qrz
kdyh %   xqlwv/ dqg lqfuhdvhv ehfdxvh d iudfwlrq wB%n￿ ri uhwdlohuv zlwk lqyhqwru| % nvhoo
rqh xqlw dqg qrz kdyh % xqlwv1 Dw wkh pd{lpdo lqyhqwru| ohyho %W wkhuh lv dovr wkh dgglwlrqdo
lq rz ri uhwdlohuv zkr duh sodflqj rughuv1 Edvhg rq wkh glvwulexwlrq ri lqyhqwru| vwrfnv zh fdq
ghqh djjuhjdwh rughuv dv t| '
S7 %
%’￿ %	 }%c|/ djjuhjdwh vdohv dv | ' w
S7 %
%’￿ B%7 }%c|/ dqg lqyhqwru|
43Wklv srlqw kdv ehhq pdgh ehiruh/ vhh iru h{dpsoh Fdedoohur +4<<5,1
8lqyhvwphqw dv U|n￿  U| ' t|  |1
D vlpsoh dssolfdwlrq ri uhvxowv iru wkh frqyhujhqfh ri Pdunry fkdlqv vkrzv wkdw wkh glvwule0
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+6,
Lq jhqhudo wkh lqyhqwru| glvwulexwlrq lv qrw xqlirup/ exw zhljkwhg wrzdugv orzhu lqyhqwru| ohyhov/
ehfdxvh uhwdlohuv zlwk orzhu lqyhqwrulhv fkdujh kljkhu sulfhv dqg duh wkhuhiruh ohvv olnho| wr pdnh
d vdoh1 Lq d vlplodu hqylurqphqw lq zklfk wkh vdohv suredelolwlhv duh lqghshqghqw ri wkh uhwdlohu*v
lqyhqwru| kroglqjv/ Fdsolq +4<;8, vkrzv wkdw wkh lqyhqwru| glvwulexwlrq frqyhujhv wr d xqlirup
lqyduldqw glvwulexwlrq/ dqg wkdw iru d qlwh qxpehu ri vhoohuv djjuhjdwh rughuv duh pruh yrodwloh
wkdq djjuhjdwh vdohv1 Qhyhuwkhohvv d odz ri odujh qxpehuv vwloo krogv dqg dv wkh qxpehu ri
vhoohuv lqfuhdvhv/ wkh yduldelolw| ri dyhudjh rughuv dqg vdohv frqyhujhv wr }hur= djjuhjdwh rughuv
dqg vdohv duh frqvwdqw1
Zh qrz lqwurgxfh djjuhjdwh ulvn dqg ghyhors d sduwldo htxloleulxp h{dpsoh zklfk zloo khos
xv xqghuvwdqg wkh phfkdqlvp ri wkh jhqhudo htxloleulxp prgho vwxglhg lq wkh uhpdlqghu ri wkh
sdshu1 Ohw djjuhjdwh ghpdqg eh udqgrp/ lq sduwlfxodu ohw wkh suredelolw| ri d pdwfk w| eh




/ f 	w	 7 w	1 Z hd o v rd v v x p hw k d ww k h
qxpehu ri uhwdlohuv lq wkh hfrqrp| lv {hg/ dqg wkdw rwkhu hfrqrplf yduldeohv/ olnh wkh dffhswdqfh
suredelolw| dv d ixqfwlrq ri sulfh ru wkh lqwhuhvw udwh/ uhpdlq frqvwdqw1 Lq wklv hqylurqphqw lw
lv vwloo rswlpdo iru d uhwdlohu qrw wr rughu ehiruh vkh kdv vrog doo ri khu lqyhqwru|/ exw wkh rughu
vl}h dqg sulflqj srolf| zloo lq jhqhudo eh vwdwh frqwlqjhqw1 Lq wkh iroorzlqj vhfwlrqv zh ghvfuleh
frqglwlrqv iru zklfk d {hg rughu vl}h dqg sulflqj srolf| uhpdlq rswlpdo lq d pruh jhqhudo
hqylurqphqw1 Zh pd| dvvxph wkdw wkhvh frqglwlrqv duh dovr vdwlvhg khuh dqg wkdw wkh rughu
vl}h %W dqg wkh vdohv suredelolw| B% gr qrw ghshqg rq wkh vwdwh ri wkh hfrqrp|/ lq sduwlfxodu
wkh suredelolw| ri d pdwfk w|145 Rxu dqdo|vlv lv sduwldo htxloleulxp lq qdwxuh ehfdxvh zh dvvxph
44Vhh Vwrnh| dqg Oxfdv +4<;<,/ Wkhruhp 44171
45Wklv iroorzv wkh olwhudwxuh rq wkh djjuhjdwlrq ri h{rjhqrxvo| jlyhq +V>v, srolflhv/ vhh iru h{dpsoh Fdsolq
dqg Vsxoehu +4<;:, ru Fdedoohur dqg Hqjho +4<<4,1
9wkdw djjuhjdwh ghpdqg lv h{rjhqrxv wr wkh uhwdlo pdunhw/ dqg wkdw wkhuh duh qr ihhgedfnv iurp
djjuhjdwh ghpdqg/ vdohv ru lqyhqwru| lqyhvwphqw wr rwkhu djjuhjdwh hfrqrplf yduldeohv1
Zh vkrz lq Sursrvlwlrq 5 wkdw/ iru wklv h{dpsoh wkh glvwulexwlrq ri lqyhqwru| kroglqjv diwhu
rughuv kdyh ehhq sodfhg vwloo frqyhujhv wr wkh lqyduldqw glvwulexwlrq ghqhg lq +6,1 Wklv uhvxow
fruuhvsrqgv wr wkh zrun e| Fdedoohur dqg Hqjho +4<<4, rq wkh frqyhujhqfh ri wkh furvv0vhfwlrqdo
glvwulexwlrq ri d {hg phdvxuh ri djhqwv zkr iroorz rqh0vlghg E7cr srolflhv1 Dv vkrzq lq
Sursrvlwlrq 6/ diwhu wkh glvwulexwlrq ri lqyhqwrulhv kdv frqyhujhg/ djjuhjdwh yduldeohv ehkdyh
dv iroorzv= +l, wkh yduldqfh ri rughuv htxdov wkh yduldqfh ri vdohv/ +ll, lqyhqwru| lqyhvwphqw dqg
vdohv duh qhjdwlyho| fruuhodwhg> +lll, rughuv dqg vdohv duh qrw pruh yrodwloh wkdq ghpdqg dqg wkh
dxwrfruuhodwlrqv ri rughuv dqg vdohv htxdo wkh dxwrfruuhodwlrq ri ghpdqg> dqg +ly, rughuv dqg
vdohv duh srvlwlyho| fruuhodwhg rqo| li ghpdqg lv srvlwlyho| dxwrfruuhodwhg1
Wkhvh qglqjv vxjjhvw wzr frqfoxvlrqv1 Iluvw/ +l, dqg +ll, lqglfdwh wkh djjuhjdwh lpsolfdwlrqv
ri E7cr lqyhqwru| srolflhv duh qrw qhfhvvdulo| frqvlvwhqw zlwk wkh wzr nh| revhuydwlrqv iurp
wkh lqyhqwru| olwhudwxuh1 Vhfrqg/ +lll, dqg +ly, vxjjhvw wkdw E7cr lqyhqwru| srolflhv gr qrw
qhfhvvdulo| sursdjdwh ru dpsoli| vkrfnv1 Zh kdyh qrwhg deryh wkdw wkhvh frqfoxvlrqv lq odujh
sduw uh hfw suhylrxv uhvxowv rq wkh djjuhjdwlrq ri h{rjhqrxvo| jlyhq rqh0vlghg E7cr srolflhv lq
sduwldo htxloleulxp hqylurqphqwv1
Lq wkh suhfhglqj dqdo|vlv khwhurjhqhlw| dfurvv uhwdlohuv uhsuhvhqwhg e| wkh lqyhqwru| glvwule0
xwlrq sod|v qr uroh dw doo1 Lq idfw/ ghvslwh wkh suhvhqfh ri djjuhjdwh xqfhuwdlqw|/ wkh lqyhqwru|
glvwulexwlrq frqyhujhv wr d wlph lqyduldqw glvwulexwlrq1 Rqh uhdvrq zk| E7cr srolflhv kdyh vxfk
d olplwhg hhfw lv wkdw wkh lqyhqwru| glvwulexwlrq dhfwv djjuhjdwh yduldeohv rqo| wkurxjk wkh
rughu ghflvlrq ri uhwdlohuv zkr kdyh vwrfnhg rxw lq wkh suhylrxv shulrg1 Zh h{shfw wkdw d jhq0
hudo htxloleulxp dqdo|vlv ri E7cr lqyhqwru| srolflhv zloo |lhog glhuhqw uhvxowv wkdq wkh sduwldo
htxloleulxp dqdo|vlv/ vlqfh wkhuh duh pruh fkdqqhov wkurxjk zklfk wkh lqyhqwru| glvwulexwlrq/ dv
sduw ri wkh djjuhjdwh vwdwh ri wkh hfrqrp|/ fdq dhfw rxwfrphv lq wkh uhwdlo vhfwru1
Dw wklv srlqw zh fdq lghqwli| wkuhh fkdqqhov wkurxjk zklfk jhqhudo htxloleulxp ihhgedfnv fdq
rshudwh1 Iluvw/ djjuhjdwh ghpdqg lq wkh uhwdlo vhfwru/ dv uhsuhvhqwhg e| wkh pdwfklqj suredelolw|
w dqg wkh dffhswdqfh suredelolw| B/ zloo ghshqg rq wkh vwdwh ri wkh hfrqrp|1 Vhfrqg/ wkh qxpehu
ri uhwdlohuv  rshudwlqj lq wkh hfrqrp| zloo ghshqg rq wkh vwdwh ri wkh hfrqrp|/ vlqfh wkh
:surwdelolw| ri uhwdlohuv lv vwdwh frqwlqjhqw1 Wklug/ wkh ghflvlrqv ri d uhwdlohu rq sulfh R% dqg
rughu vl}h %W zloo eh/ lq jhqhudo/ vwdwh frqwlqjhqw1
61 E7cr Lqyhqwru| Srolflhv lq d Jhqhudo Htxloleulxp Prgho
Khuh zh hpehg wkh uhwdlo vhfwru ghvfulehg lq wkh suhylrxv vhfwlrq lqwr d yduldqw ri wkh vwdqgdug
vwrfkdvwlf jurzwk prgho1 Wkhuh lv dq lqqlwho| olyhg uhsuhvhqwdwlyh krxvhkrog zkrvh xwlolw|
ghshqgv rq qrq0ohlvxuh dfwlylwlhv dqg wkh frqvxpswlrq ri jrrgv zklfk duh erxjkw iurp d odujh
qxpehu ri uhwdlohuv1 Wkh krxvhkrog kdv lqfrph iurp wkh vxsso| ri oderu wr d pdqxidfwxulqj vhf0
wru dqg glylghqgv iurp rzqhuvkls ri pdqxidfwxuhuv dqg uhwdlohuv/ dqg wudghv lq vwdwh frqwlqjhqw
fodlpv1 Wkh pdqxidfwxulqj vhfwru fdqqrw vhoo lwv surgxfw gluhfwo| wr wkh krxvhkrog/ exw kdv wr
vhoo wkurxjk wkh uhwdlo vhfwru1 Ehfdxvh ri wudglqj iulfwlrqv lq wkh uhwdlo vhfwru wkh uhsuhvhqwdwlyh
krxvhkrog kdv wr vhdufk iru frqvxpswlrq jrrgv/ dqg hdfk uhwdlohu idfhv d vwrfkdvwlf ghpdqg iru
khu jrrg1 D uhwdlohu srvwv d sulfh iru khu surgxfw zklfk zloo dhfw wkh suredelolw| ri d vdoh/ dqg
wkh suredelolw| ri d vdoh lv frqvlvwhqw zlwk wkh rswlpdo vhdufk ehkdylru ri wkh krxvhkrog1 Zh
prgho wkh wudglqj iulfwlrqv xvlqj d pdwfklqj w|sh hqylurqphqw/ zkhuh hdfk uhwdlohu lv udqgrpo|
pdwfkhg zlwk wkh krxvhkrog1
Zlwkrxw djjuhjdwh xqfhuwdlqw| wkh hfrqrp| frqyhujhv wr d vwhdg| vwdwh1 Dqdorjrxv wr
wkh suhylrxv vhfwlrq/ lq wkh vwhdg| vwdwh hdfk uhwdlohu idfhv lglrv|qfudwlf xqfhuwdlqw|/ exw wkh
djjuhjdwh glvwulexwlrq ri uhwdlohuv ryhu lqyhqwru| kroglqjv lv lqyduldqw1 Zh lqwurgxfh djjuhjdwh
xqfhuwdlqw| wkurxjk udqgrp vkrfnv wr wkh surgxfwlrq ri jrrgv dqg wr wkh wlph glvfrxqw idfwru1
Lq wkh uhpdlqghu ri wklv vhfwlrq zh ghvfuleh wkh hqylurqphqw lq pruh ghwdlo/ dqg wkhq rxwolqh d
uhfxuvlyh htxloleulxp1 D wudfwdeoh h{dpsoh lv lqwurgxfhg dqg glvfxvvhg wr frqfoxgh wkh vhfwlrq1
6141 Wkh Hqylurqphqw


















;zkhuh S| lv dq lqgh{ ri frqvxpswlrq jrrgv/ dqg ?|  7 ? lv wlph vshqw lq qrq0ohlvxuh dfwlylwlhv1
Wkh glvfrxqw idfwru q| lv dq h{rjhqrxv/ srvvleo| udqgrp/ yduldeoh zlwk erxqghg vxssruw/ f 	
q|  7 q	1 Wkh zdjh hodvwlflw| ri qrq0ohlvxuh dfwlylwlhv lv *D dqg D:f146
Wkh frqvxpswlrq lqgh{ lv ghqhg dv iroorzv1 Lq hdfk shulrg wkhuh lv d frqwlqxxp ri uhwdlohuv
ri phdvxuh |1 Iru wkh krxvhkrog hdfk uhwdlohu surylghv d xqltxh jrrg/ dqg d krxvhkrog fdq
frqvxph h{dfwo| rqh xqlw ri hdfk uhwdlohu*v jrrg lq d shulrg1 Wkh krxvhkrog fdqqrw vwruh wkh
jrrg ri dq| uhwdlohu1 Ohw S|E 5i fcj eh wkh frqvxpswlrq ri d jrrg rewdlqhg iurp uhwdlohu
 5 dfc |o1 Wkh xwlolw| ghulyhg iurp wkh frqvxpswlrq ri wkh 0wk jrrg/ |E/ lv dq llg udqgrp
yduldeoh zlwk vxssruw N 'dco/ f   	  4 / dqg wzlfh glhuhqwldeoh fxpxodwlyh ghqvlw|
ixqfwlrq 81 Wkh krxvhkrog lv qrw lqiruphg derxw wkh txdolw| ri dq| uhwdlohu*v jrrg ehiruh lw





Wkhuh duh iulfwlrqv lq wkh pdunhw iru uhwdlo jrrgv gxh wr d frvw ri frqwdfwlqj uhwdlohuv1 Wr
frqwdfw uhwdlohuv wkh krxvhkrog pxvw vhdufk/ zklfk uhtxluhv wkdw lw vshqg vrph wlph vkrsslqj/
?rc|1 Wkh txdqwlw| ri vhdufk hruw surgxfhg lv
r| ' l?rc|c +9,
zkhuh l:f phdvxuhv wkh h!flhqf| ri wlph vshqw vkrsslqj1 Lqwhusuhw wklv dv wkh krxvhkrog
vsolwwlqj xs lqwr r| vxe0xqlwv/ vkrsshuv iru vkruw/ zkr vhdufk lqghshqghqwo|1 D vkrsshu lv
udqgrpo| pdwfkhg zlwk dw prvw rqh uhwdlohu dqg iru dq| vkrsshu wkh suredelolw| ri d pdwfk
zlwk d uhwdlohu lv /|1 Wkh wrwdo qxpehu ri vkrsshuv zkr frqwdfw uhwdlohuv lv wkhq /|r|1
Vkrsslqj lv rqh ri wkh wzr qrq0ohlvxuh dfwlylwlhv wkh krxvhkrog sxuvxhv1 Wkh rwkhu dfwlylw|
46Wkhvh suhihuhqfhv duh xvhg e| Juhhqzrrg/ Khufrzlw} dqg Kxpdq +4<;;, dqg rwkhuv1 Wkh| lpso| wkdw zdjh
fkdqjhv kdyh qr zhdowk hhfw +d frpprq lpsolfdwlrq ri hpslulfdo oderu vxsso| vwxglhv,1 H{fhsw iru surf|folfdo
dyhudjh vdohv/ suhihuhqfhv vhsdudeoh lq frqvxpswlrq dqg ohlvxuh kdyh wkh vdph lpsolfdwlrqv dv wkhvh suhihuhqfhv1
Wkh fxuuhqw irupxodwlrq plplfv wkh ehkdylru ri dq hqylurqphqw zlwk krph surgxfwlrq dqg orjdulwkplfdoo|
vhsdudeoh suhihuhqfhv/ dv lq Ehqkdele/ Urjhuvrq dqg Zuljkw +4<<4,/ zklfk zh vwxglhg lq dq hduolhu gudiw ri wklv
sdshu1
<lv zrunlqj lq wkh pdqxidfwxulqj vhfwru/ ?+c|1 Wrwdo qrq0ohlvxuh dfwlylwlhv duh
?| ' ?+c| n ?rc| +:,




zlwk f 	k  dqg surgxfwlylw| 5| lv dq h{rjhqrxv/ srvvleo| udqgrp/ yduldeoh zlwk erxqghg
vxssruw/ f 	5 |  7 5147 Wkh jrrgv surgxfhg lq wkh pdqxidfwxulqj vhfwru duh glvwulexwhg wr wkh
uhwdlo vhfwru/ zklfk uhvhpeohv wkh rqh ghvfulehg lq vhfwlrq 51 Ehiruh rughuv duh sodfhg wkhuh lv
dp h d v x u h}%c| ri uhwdlohuv zlwk lqyhqwru| kroglqjv %1 Dq rughu ri vl}h % xvhv xs f n ￿% xqlwv
ri wkh pdqxidfwxuhg jrrg1 Xqolnh wkh suhylrxv vhfwlrq/ zh dvvxph wkhuh lv iuhh hqwu| wr wkh
uhwdlo vhfwru1 Zh dovr dvvxph wkhuh duh qr h{solflw frvwv wr hqwu| ehvlghv wkh frvw ri pdnlqj dq
rughu148 Ohw 	 }%c| ghqrwh wkh phdvxuh ri uhwdlohuv zkr rughu % x q l w vr iw k hp d u n h wj r r g /w k h qw k h
uhvrxufh frqvwudlqw iru wkh jrrg surgxfhg lq wkh pdqxidfwxulqj vhfwru lv
7 % [
%’￿
	 }%c| Ef n ￿%  +|c +<,
dqg 7 }%c| ' }%c| n	 }%c| lv wkh phdvxuh ri uhwdlohuv zlwk lqyhqwru| kroglqjv % diwhu rughuv kdyh ehhq
sodfhg149 Wkh wrwdo qxpehu ri uhwdlohuv lq wkh pdunhw lv | '
S7 %
%’￿ 7 }%c|1
Wkh suhvhqfh ri vhdufk frvwv lpsolhv wkdw vkrsshuv fdqqrw slfn uhwdlohuv dw zloo1 Lqvwhdg wkh|
duh udqgrpo| pdwfkhg zlwk uhwdlohuv1 Lq dq| shulrg d uhwdlohu +vkrsshu, lv pdwfkhg zlwk dw
prvw rqh vkrsshu +uhwdlohu,1 Li wkhuh lv d wrwdo phdvxuh ri | uhwdlohuv dqg 7| vkrsshuv/ wkhq wkh
47Ghfuhdvlqj uhwxuqv wr oderu pd| eh gxh wr d {hg idfwru ri surgxfwlrq/ iru h{dpsoh fdslwdo/ zklfk zh gr
qrw prgho1
48Qrwh wkdw wklv phdqv wkhuh lv qr glhuhqfh ehwzhhq h{lvwlqj uhwdlohuv zkr kdyh vrog doo ri wkhlu lqyhqwru|
dqg duh qrz uhvwrfnlqj/ dqg qhz uhwdlohuv frplqj lqwr wkh pdunhw1
49Khuh zh pdnh xvh ri wkh idfw wkdw lq htxloleulxp uhwdlohuv zlwk srvlwlyh lqyhqwru| kroglqjv gr qrw sodfh dq|
rughuv1
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+43,
zlwk f 	>	 dqg ) ghqrwhv wkh h!flhqf| ri pdwfklqj1 Wkh suredelolw| wkdw d vkrsshu
+uhwdlohu, phhwv d uhwdlohu +vkrsshu, lv /| ' |*7| +w| ' |*|,1 Uhwdlohuv dqg vkrsshuv wdnh
wkhvh suredelolwlhv dv h{rjhqrxv sdudphwhuv1
Wkh hqylurqphqw lv vxemhfw wr djjuhjdwh xqfhuwdlqw| vlqfh suhihuhqfhv dqg whfkqrorjlhv duh
vxemhfw wr h{rjhqrxv vwrfkdvwlf vkrfnv/ 3|1 Lq zkdw iroorzv zh irfxv rq wzr fdvhv/ hlwkhu wkh
wlph glvfrxqw idfwru lv udqgrp/ 3| ' q| dqg 5| ' 5/ ru wkh surgxfwlylw| ohyho lv udqgrp/ 3| ' 5|
dqg q| ' q1 Zh dvvxph wkdw wkh h{rjhqrxv vwdwh iroorzv d uvw rughu Pdunry surfhvv zlwk
wudqvlwlrq suredelolwlhv xE3|n￿m3|1 D frpsohwh ghvfulswlrq ri wkh hqylurqphqw lq hdfk shulrg
dovr lqfoxghv wkh ehjlqqlqj ri shulrg glvwulexwlrq ri lqyhqwru| kroglqjv ehiruh rughuv kdyh ehhq
sodfhg/ }| 'E }￿c|c} 2c|cc}7 %c|1 Wklv hqgrjhqrxv vwdwh yduldeoh fdq fkdqjh ehfdxvh ri glhuhqwldo
fkdqjhv lq wkh suredelolw| ri d vdoh iru uhwdlohuv zlwk glhuhqw lqyhqwrulhv/ ru ehfdxvh ri fkdqjhv
lq wkh udwh dw zklfk qhz uhwdlohuv hqwhu/ htxlydohqwo| wkh udwh dw zklfk lqyhqwrulhv duh uhvwrfnhg1
Wklv frqfoxghv wkh ghvfulswlrq ri wkh hqylurqphqw1
6151 D Uhfxuvlyh Htxloleulxp
Lq wklv vxe0vhfwlrq zh ghvfuleh dq htxloleulxp lq zklfk frqvxphuv dqg surgxfhuv ri pdqxidf0
wxulqj jrrgv ehkdyh frpshwlwlyho|/ dqg uhwdlohuv ehkdyh dv ghvfulehg lq vhfwlrq 5141 Zh duh
lqwhuhvwhg lq d uhfxuvlyh htxloleulxp zkhuh sulfhv dqg wkh ghflvlrqv ri djhqwv duh wlph lqyduldqw
ixqfwlrqv ri wkh djjuhjdwh vwdwh ri wkh hfrqrp|1 Zh dvvxph wkdw djhqwv fdq zulwh frqwudfwv
zklfk duh frqwlqjhqw rq wkh vwdwh ri wkh hfrqrp|/ dqg wkdw wkhuh lv d frpsohwh vhw ri pdunhwv
lq wkhvh vwdwh frqwlqjhqw fodlpv1
Wkh ghvfulswlrq ri wkh krxvhkrog*v sureohp surfhhgv lq wzr vwhsv1 Iluvw zh glvfxvv wkh rswl0
pdo vhdufk iru frqvxpswlrq jrrgv/ dqg wkhq ghvfuleh wkh ixoo g|qdplf rswlpl}dwlrq sureohp14:
Uhfdoo iurp vhfwlrq 514 wkdw d uhwdlohu zlwk lqyhqwru| % srvwv d sulfh R% iru khu surgxfw ehiruh dq|
4:Lq wkh iroorzlqj zh zloo gurs wlph vxevfulswv dqg ohw d sulph ghqrwh qh{w shulrg*v ydoxh ri d yduldeoh1
44vkrsshu duulyhv1 Vlqfh srvwhg sulfhv ghshqg rq lqyhqwru| kroglqjv/ zklfk glhu dfurvv uhwdlohuv/
qrw doo uhwdlohuv srvw wkh vdph sulfh1 Wkxv/ li d vkrsshu lv pdwfkhg zlwk wkh 0wk uhwdlohu/ kh zloo
idfh d sulfh R% zlwk suredelolw| 7 }%*/ wkh qrupdol}hg glvwulexwlrq ryhu lqyhqwru| kroglqjv diwhu
rughuv kdyh ehhq sodfhg1 Wkh vkrsshu wkhq lqvshfwv wkh jrrg/ wkdw lv revhuyhv E/ dqg ghflghv
zkhwkhu wr sxufkdvh wkh jrrg ru qrw1 Qrwh wkdw klv ghflvlrq fdqqrw ghshqg rq wkh fkrlfhv ri
rwkhu vkrsshuv vlqfh vkrsshuv gr qrw frppxqlfdwh zlwk hdfk rwkhu1 Dovr vkrsshuv zloo qrw
sxufkdvh pruh wkdq rqh jrrg vlqfh wkh krxvhkrog fdqqrw vwruh jrrgv1
Xqghu wkhvh flufxpvwdqfhv wkh vkrsshu zloo xvh d uhvhuydwlrq xwlolw| srolf|/ wkdw lv kh zloo
sxufkdvh wkh jrrg li klv xwlolw| lv deryh vrph uhvhuydwlrq xwlolw| o%/ zklfk pd| ghshqg rq wkh











R% d  8 Eo%oE7 }%* +45,
Wkh frqvxpswlrq jrrg lqgh{ lpsolhg e| wklv srolf| lv S ' ^/r1
Wkh exgjhw frqvwudlqw ri wkh uhsuhvhqwdwlyh djhqw ghshqgv rq wkh zdjh udwh / qrq0oderu
lqfrph Z/ wkh sulfh glvwulexwlrq iru jrrgv iR%c7 }%j7 %
%’￿/ wkh pdwfk suredelolw| ri d vkrsshu //w k h
sulfhv ' iru vwdwh frqwlqjhqw fodlpv @/ dqg zhdowk1 Lq d uhfxuvlyh htxloleulxp doo sulfhv duh wlph
lqyduldqw ixqfwlrqv ri wkh djjuhjdwh vwdwh/ dqg wkh glvwulexwlrq ri lqyhqwru| kroglqjv hyroyhv
dffruglqj wr d wlph lqyduldqw odz ri prwlrq1 Zh ghqrwh wkh wlph lqyduldqw htxloleulxp ixqfwlrq
ri dq djjuhjdwh yduldeoh zlwk wkh fruuhvsrqglqj fdslwdo ohwwhu ri wkh yduldeoh/ iru h{dpsoh  '
` E}c3/ dqg wkh odz ri prwlrq iru wkh lqyhqwru| kroglqj glvwulexwlrq lv }￿ ' CE}c31
Zlwkrxw orvv ri jhqhudolw| zh dvvxph wkdw wkh rqo| lqwhuwhpsrudo wudghv duh lq vwdwh frq0
wlqjhqw fodlpv1 Ohw 'E}￿c3￿m}c3 eh wkh sulfh ri d vwdwh frqwlqjhqw fodlp @E}￿c3￿m}c3 zklfk
sd|v rqh xqlw ri wkh pdqxidfwxulqj jrrg li qh{w shulrg*v djjuhjdwh vwdwh lv E}￿c3￿/f r q g l 0
wlrqdo rq wkh fxuuhqw djjuhjdwh vwdwh E}c31 Wkh ulvn iuhh udwh ri uhwxuq lv wkhq -E}c3'
45*
U
'ECE}c3c3￿m}c3_3￿1O h w @ ghqrwh wkh qxpehu ri vwdwh frqwlqjhqw fodlpv zklfk sd| r lq
wkh fxuuhqw shulrg1 Wkh vwdwh ri wkh krxvhkrog lv wkhq jlyhq e| wkh yhfwru E @c}c31
Zh duh qrz lq d srvlwlrq wr ghvfuleh wkh rswlpl}dwlrq sureohp ri wkh uhsuhvhqwdwlyh krxvh0
krog/
X E @c}c3' 4 @   iL ESc?nq.dX E@d}￿c3￿m}c3oc} ￿c3￿m}c3oj
v1w1 S ' l?r/^c
l?r/en
U
'E}￿c3￿m}c3@E}￿c3￿m}c3_3￿ ' @ n ?+ n Zc
? ' ?r n ?+/d q g
}￿ ' CE}c3c/'lE }c3cR % ' % E}c3c
 ' ` E}c3cZ'E }c3c
+46,
zkhuh L lv wkh shulrg xwlolw| ixqfwlrq1 Wkh krxvhkrog*v vwdwlf ghflvlrq sureohp uhjduglqj wkh
dftxlvlwlrq ri frqvxpswlrq jrrgv fdq eh vhsdudwhg lqwr wkh iroorzlqj wzr vwdjh ghflvlrq sureohp1
Iluvw/ iru dq| ghvluhg dyhudjh txdolw| uhvxowlqj iurp d pdwfk wkh djhqw fkrrvhv d uhvhuydwlrq
xwlolw| srolf| zklfk plqlpl}hv wkh frvw dvvrfldwhg zlwk wkdw txdolw|1 Wkh lpsolhg frvw ixqfwlrq/
eE^/ uhsuhvhqwv d sulfh lqgh{ iru dyhudjh txdolw|1 Ohw b eh wkh pdujlqdo frvw ri txdolw| iru
wklv srolf|1 Lw lv vwudljkwiruzdug wr vkrz wkdw wkh uvw rughu frqglwlrqv iru uhvhuydwlrq xwlolwlhv
duh vx!flhqw wr fkdudfwhul}h wkh rswlpdo uhvhuydwlrq xwlolw| srolf|1 Qh{w/ wkh djhqw fkrrvhv wkh
rswlpdo pl{ ri vkrsslqj wlph dqg ghvluhg dyhudjh txdolw|1 Dw wklv vwdjh wkh remhfwlyh ixqfwlrq
lv qrw qhfhvvdulo| frqfdyh zlwk uhvshfw wr wkh fkrlfh yduldeohv ?r dqg ^1 Lq Sursrvlwlrq 7 zh
vkrz wkdw wkh sureohp fdq eh wudqviruphg wr d frqfdyh sureohp/ dqg wkdw wkh vroxwlrq wr wklv
sureohp lv xqltxh1
Dvvxplqj dq lqwhulru vroxwlrq h{lvwv wr wkh vwdwlf ghflvlrq sureohp uhjduglqj wkh dftxlvlwlrq
ri frqvxpswlrq jrrgv dqg wkh fkrlfh ri qrq0ohlvxuh wlph/ dq rswlpdo ghflvlrq kdv wr vdwlvi| wkh
iroorzlqj uvw rughu frqglwlrqv
LSo% ' VR%
LSl/^ L? ' Vl/e
L? ' V
+47,
zkhuh LS ' YL*YS/ L? ' YL*Y?/ dqg wkh Odjudqjh pxowlsolhu V lv wkh pdujlqdo xwlolw|
46ri lqfrph1 Wkh uvw dqg wklug htxdwlrqv ri +47, frpelqhg vwdwh wkdw wkh pdujlqdo udwh ri
vxevwlwxwlrq ehwzhhq qrq0ohlvxuh wlph dqg wkh pdujlqdo dffhswhg frqvxpswlrq jrrg lv htxdo wr
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 +48,
Zh fdq qrz prgli| wkh uhwdlohu*v sureohp iurp vhfwlrq 514 iru d uhfxuvlyh htxloleulxp zlwk
djjuhjdwh xqfhuwdlqw|1 Vlqfh vkrsshuv iroorz uhvhuydwlrq sulfh vwudwhjlhv wkh suredelolw| wkdw
d vkrsshu zloo dffhsw wkh rhu dw sulfh R lv BER*b' 8ER*b1 Wklv suredelolw| lv dovr
wkh ghpdqg ixqfwlrq zklfk d uhwdlohu idfhv/ dqg lw lv d qrqlqfuhdvlqj ixqfwlrq ri wkh srvwhg
sulfh1 Qh{w shulrg*v uhwxuqv duh glvfrxqwhg xvlqj wkh vwdwh frqwlqjhqw sulfhv '1I u r p w k h
rswlpdo lqwhuwhpsrudo ghflvlrq ri wkh krxvhkrog zh kdyh wkdw wkh qrupdol}hg pdujlqdo udwh ri
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Wkh fdslwdo ydoxh ri d uhwdlohu zklfk kdv % xqlwv ri lqyhqwru| dqg zkr grhv qrw uhrughu ehiruh
wkh lqyhqwru| lv ghsohwhg lv
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+4:,
Jlyhq iuhh hqwu|/ lw lv qrw rswlpdo wr uhrughu ehiruh doo lqyhqwrulhv duh ghsohwhg li T% ghqhg
lq +4:, lv cfrqfdyh*1 Wr vhh wklv/ frqvlghu d uhwdlohu zlwk fxuuhqw lqyhqwru| % dqg dq rughu ri
vl}h {%1 Li wkh uhwdlohu dggv wkh rughu wr wkh fxuuhqw lqyhqwru|/ wkh fdslwdo ydoxh lv T%n{%1
47Dowhuqdwlyho|/ ehfdxvh ri rxu iuhh hqwu| dvvxpswlrq wkh uhwdlohu frxog vlpso| rshq xs dqrwkhu
vwruh/ lq zklfk fdvh khu fdslwdo ydoxh zrxog eh T% n T{%1 Vlqfh T lv frqfdyh wkh vhfrqg rswlrq
jlyhv d kljkhu fdslwdo ydoxh1 Zh gr qrw kdyh d surri wkdw T% E}c3 lv d frqfdyh ixqfwlrq lq %/
exw lq rxu frpsxwdwlrqdo h{shulphqwv ehorz zh yhuli| lw lv dozd|v frqfdyh1
Wkh rswlpdo rughu srolf| pd{lpl}hv wkh jdlqv iurp hqwu|/ dqg ehfdxvh ri iuhh hqwu| wkh udwh
dw zklfk uhwdlohuv uhvwrfn wkhlu lqyhqwru| zloo dgmxvw vxfk wkdw wkhvh jdlqv duh }hur lq htxloleulxp/
T%E}c3  f n ￿% dqg T%E}c3'f n ￿% li 	 }% E}c3 : f +4;,
Wkh odz ri prwlrq iru wkh lqyhqwru| glvwulexwlrq C lv wkhq ghqhg e|
7 }% ' }% n	 }% dqg }￿
% 'd  wBER%*bo 7 }% n wBER%n￿*b7 }%n￿
iru % ' cc7 % dqg 7 }7 %n￿ 'f 
+4<,
Surgxfwlrq ri wkh pdqxidfwxulqj jrrg lv frpshwlwlyh vr wkdw pdqxidfwxuhuv vroyh/
4@ 5?
k
+  ` E}c3?+ +53,
Khuh zh kdyh qrupdol}hg wkh sulfh ri wkh pdqxidfwxuhg jrrg dw rqh1 Wkh vroxwlrq wr wklv
sureohp ghwhuplqhv wkh uhdo zdjh1
Wkh iroorzlqj ghqlwlrq ri wkh uhfxuvlyh htxloleulxp vxppdul}hv wklv vhfwlrq14;
Ghqlwlrq 41 D uhfxuvlyh htxloleulxp lv d froohfwlrq ri ixqfwlrqv i\cXclccCc 	 C%cc7c rc
+c %c'c`cT %ctj ri wkh vwdwh E}c3 vxfk wkdw
+l, jlyhq C/ l/ %/ `/ /d q g'/ wkh ghflvlrq uxohv c r/ +/ \ vroyh wkh krxvhkrog*v
sureohp +46,>
+ll, jlyhq `/ wkh ghflvlrq uxohv + dqg t vroyh wkh pdqxidfwxuhu*v sureohp +53,>
4;Qrwh wkdw zh gr qrw h{solflwo| lqfoxgh wudglqj ri rzqhuvkls fodlpv wr uhwdlohuv ru wkh pdqxidfwxulqj up
lq rxu ghqlwlrq ri dq htxloleulxp1 Wkhvh fodlpv duh lqfoxghg lpsolflwo| lq wkdw +l, uhwdlohuv pd{lpl}h wkhlu
dvvhw ydoxh xvlqj d vhw ri frpsohwh vwdwh frqwlqjhqw fodlpv/ dqg +ll, qrq0oderu lqfrph lqfoxghv surwv iurp wkh
pdqxidfwxulqj vhfwru dqg h{lvwlqj uhwdlohuv plqxv lqyhvwphqw lq qhz uhwdlohuv1
48+lll, jlyhq C/ X/ \/d q g'/ wkh ghflvlrq uxoh % dqg wkh ydoxh ixqfwlrq T% vroyh wkh uhwdlohu*v
sureohp +4:,>
+ly, wkh hqwu| uxoh 	 C% dqg T% vdwlvi| wkh iuhh hqwu| frqglwlrq +4;,/ dqg T% lv cfrqfdyh*>
+y, jlyhq 	 C%/ %/ \/d q gX/ wkh odz ri prwlrq C lv frqvlvwhqw zlwk +4<,>
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/ wkh pdwfklqj suredelolwlhv l dqg X duh frqvlvwhqw zlwk
+43,>
+yll, jlyhq t dqg 	 C% wkh pdunhw iru pdqxidfwxulqj jrrgv fohduv/ +<, lv vdwlvhg zlwk htxdolw|1
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+ / dqg vwdwh frqwlqjhqw
fodlpv/ / duh lq }hur qhw vxsso|1
6161 D Wudfwdeoh H{dpsoh
Wkh odz ri prwlrq iru wkh hqgrjhqrxv djjuhjdwh vwdwh ri wkh hfrqrp|/ wkdw lv wkh lqyhqwru|
glvwulexwlrq/ ghshqgv rq wkh ehkdylru ri djjuhjdwh ghpdqg/ hqwu| ri uhwdlohuv/ dqg wkh rswlpdo
rughu dqg sulflqj srolflhv ri uhwdlohuv1 Wkhvh hohphqwv uhsuhvhqw wkh wkuhh fkdqqhov ghvfulehg
lq vhfwlrq 515 wkurxjk zklfk jhqhudo htxloleulxp ihhgedfnv lq wkh uhwdlo vhfwru rshudwh1 Wkh
odvw ri wkhvh wkuhh hohphqwv fdq pdnh lw yhu| gl!fxow wr frpsxwh dq htxloleulxp1 Lq rughu wr
idflolwdwh wkh qxphulfdo dqdo|vlv lq wkh qh{w vhfwlrq/ zh holplqdwh wkh wklug hohphqw dqg irfxv
rq djjuhjdwh ghpdqg dqg hqwu|1 Lq wkh iroorzlqj zh lqwurgxfh wzr dgglwlrqdo frqglwlrqv vxfk
wkdw rughu dqg sulflqj srolflhv duh lqghshqghqw ri wkh djjuhjdwh vwdwh1
Wkh uvw frqglwlrq vlpsolhv wkh rswlpdo sulflqj srolf| pxfk dv glvfuhwh lqyhqwrulhv hhfw
wkh rughu srolf|1 Lw lv ghvljqhg wr hqvxuh wkh rswlpdo sulfh ghshqgv rqo| wr d olplwhg h{whqw
rq wkh djjuhjdwh vwdwh1 Zh dvvxph wkdw wkh lglrv|qfudwlf xwlolw| vkrfn iru d uhwdlohu*v jrrg kdv
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+54,
49dqg f 	#	1 Lq Sursrvlwlrq 8 zh vkrz wkdw wkh uhvhuydwlrq xwlolw| srolf| ri vkrsshuv
cdffhsw li b￿  R% zlwk  ' ,c dqg c 7 % ' cc7 %c*+ 5 5 ,
dqg wkh sulflqj srolf| ri uhwdlohuv
cR% ' b￿ zlwk  '  li %  %
￿ dqg  ' , li %:%
￿/* +56,
duh frqvlvwhqw lq dq htxloleulxp1 Iru wklv htxloleulxp uhwdlohuv srvw dw prvw wzr glhuhqw sulfhv/
dqg li wzr sulfhv duh srvwhg/ wkhq uhwdlohuv zlwk lqyhqwrulhv kljkhu wkdq wkh fulwlfdo lqyhqwru|
ohyho %￿ zloo srvw wkh orzhu sulfh1 Ehorz zh uhihu wr wklv dv dq %￿ sulflqj vfkhph14<
Wkh vhfrqg frqglwlrq frqwulexwhv wr nhhslqj erwk wkh rughu vl}h dqg wkh sulflqj vfkhph
djjuhjdwh vwdwh lqghshqghqw1 Lq wkh hfrqrp| zlwkrxw djjuhjdwh xqfhuwdlqw| wkh rughu vl}h
dqg sulflqj vfkhph lq d vwhdg| vwdwh duh xqltxh1 Zlwk d vpdoo dprxqw ri yduldwlrq lq wkh
djjuhjdwh vkrfnv/ wkhuh lv qr lqfhqwlyh wr ghyldwh iurp wkh vwhdg| vwdwh srolflhv1 Khqfh/ wkh
vhfrqg frqglwlrq lv wr dvvxph wkdw djjuhjdwh xqfhuwdlqw| lv qrw cwrr odujh* vr wkdw wkh vwhdg|
vwdwh rughu vl}h dqg sulflqj vfkhph uhpdlq rswlpdo1 Zh fkhfn wkdw wkh vwhdg| vwdwh srolflhv duh
rswlpdo iru rxu vlpxodwlrqv1
Wkh vlpsolhg prgho zh kdyh qrz lqwurgxfhg lv d jhqhudo htxloleulxp h{whqvlrq ri wkh sduwldo
htxloleulxp prgho ghvfulehg lq vhfwlrq 5151 Wklv prgho doorzv xv wr irfxv rq wkh uhpdlqlqj
wzr fkdqqhov wkurxjk zklfk jhqhudo htxloleulxp hhfwv rshudwh/ djjuhjdwh ghpdqg dqg hqwu|1
Djjuhjdwh ghpdqg iru fxuuhqw frqvxpswlrq jrrgv/ dv uh hfwhg e| wkh suredelolw| wkdw d uhwdlohu
lv pdwfkhg zlwk d vkrsshu/ lv lq sduw ghwhuplqhg e| wkh vhdufk hruw ri wkh frqvxphu1 Wklv
vhdufk hruw zloo ghshqg/ lq sduw/ rq wkh dyhudjh sulfh d frqvxphu kdv wr sd| iru jrrgv sxufkdvhg1
Iru wkh fdvh wkdw uhwdlohuv fkdujh glhuhqw sulfhv/ wklv h{shfwhg sulfh ghshqgv rq wkh uhodwlyh
qxpehu ri uhwdlohuv zkr krog orz +kljk, lqyhqwrulhv dqg fkdujh d kljk +orz, sulfh1 Wkxv zkhq
wkhuh duh fkdqjhv lq wkh glvwulexwlrq ri lqyhqwrulhv lqfhqwlyhv wr vkrs dovr ydu|1 Zh fdoo wklv
ihhgedfn wkh sulfh fkdqqho gxh wr wkh nh| uroh sod|hg e| wkh sulfh vhwwlqj ri uhwdlohuv1 Vlqfh rxu
4<Wkh fdvh zkhuh rqo| rqh sulfh lv rhuhg lq d jlyhq shulrg fruuhvsrqgv wr {3 @3lq wklv qrwdwlrq1
4:h{dpsoh h{solflwo| uxohv rxw yduldwlrqv lq wkh rughu vl}h/ hqwu| lv wkh rqo| fkdqqho lq wkh prgho
iru fkdqjlqj wkh djjuhjdwh vxsso| ri fxuuhqw dqg ixwxuh frqvxpswlrq jrrgv1 Lq rxu wudfwdeoh
h{dpsoh/ hqwu|/ htxlydohqwo| wkh rughu yroxph/ ghshqgv lq d qrq0wulyldo zd| rq wkh lqyhqwru|
glvwulexwlrq1 Zh uhihu wr wklv sduwlfxodu ihhgedfn iurp wkh lqyhqwru| glvwulexwlrq wr rughu yroxph
dv wkh hqwu| fkdqqho153
71 Lpsolfdwlrqv ri E7cr Lqyhqwru| Srolflhv lq Jhqhudo Htxloleulxp
Lq wklv vhfwlrq zh lqyhvwljdwh krz jhqhudo htxloleulxp ihhgedfn hhfwv lq xhqfh wkh uhodwlrq
ehwzhhq E7cr lqyhqwru| srolflhv dqg djjuhjdwh yduldeohv1 Zh gr vr e| h{dplqlqj ydulrxv sd0
udphwhul}dwlrqv ri wkh wudfwdeoh h{dpsoh ghvfulehg lq vhfwlrq 6161 Htxloleulxp lq wkh h{dpsoh
lv fkdudfwhul}hg e| d v|vwhp ri ixqfwlrqdo htxdwlrqv1 Dq dqdo|wlfdo vroxwlrq wr wklv v|vwhp lv
qrw dydlodeoh/ exw lw fdq eh vroyhg xvlqj vwdqgdug qxphulfdo phwkrgv dv ghvfulehg lq Ilvkhu dqg
Kruqvwhlq +4<<9,154
Zh duulyh dw wkh iroorzlqj pdlq frqfoxvlrqv1 +4, Wkh jhqhudo htxloleulxp prgho lv frqvlvwhqw
zlwk hylghqfh wkdw rughuv duh pruh yrodwloh wkdq vdohv/ wkdw lqyhqwru| lqyhvwphqw lv srvlwlyho|
fruuhodwhg zlwk vdohv/ dqg/ iru vrph sdudphwhul}dwlrqv/ wkdw dyhudjh vdohv duh surf|folfdo1 +5,
Wkh hqwu| fkdqqho lv vx!flhqw wr pdnh rughuv pruh yrodwloh wkdq vdohv/ exw wkh sulfh fkdqqho lv
qhfhvvdu| wr pdnh lqyhqwru| lqyhvwphqw srvlwlyho| fruuhodwhg zlwk vdohv dqg wr pdnh dyhudjh vdohv
surf|folfdo1 +6, Wkh prgho suhglfwv wkdw wkh zlgwk ri wkh E7cr edqg lv dvvrfldwhg zlwk dpsolhg
uhvsrqvhv ri djjuhjdwh yduldeohv wr vrph h{rjhqrxv lpsxovhv1 +7, Wkhuh h{lvwv d frpshwlwlyh
yhuvlrq ri wkh jhqhudo htxloleulxp prgho lq zklfk doo pdunhw sduwlflsdqwv wdnh sulfhv dv jlyhq1
Iru wklv yhuvlrq rughuv uhpdlq pruh yrodwloh wkdq vdohv/ exw lqyhqwru| lqyhvwphqw lv qr orqjhu
srvlwlyho| fruuhodwhg zlwk vdohv1 Wkh exvlqhvv f|foh fkdudfwhulvwlfv ri wklv prgho duh vlplodu wr
wkh pruh jhqhudo prgho1
53Dqrwkhu lqwhusuhwdwlrq ri wkh iuhh hqwu| frqglwlrq ylhzv yduldwlrqv lq hqwu| dv yduldwlrqv lq wkh rughulqj
iuhtxhqf|1 Vxssrvh wkdw wkhuh lv dq lqqlwh vxsso| ri uhwdlohuv/ wkhq dw dq| srlqw lq wlph rqo| d qlwh phdvxuh
ri wkhvh uhwdlohuv kdv ghflghg wr rughu dqg lv lq wkh pdunhw vhoolqj jrrgv1 Zh fdq wklqn ri d uhwdlohu zkr kdv mxvw
vrog wkh odvw jrrg lq lqyhqwru| dv ghflglqj zkhwkhu wr uhrughu qrz ru zdlw dqg rughu vrph wlph odwhu1
54Zh fdq vkrz h{lvwhqfh dqg xqltxhqhvv ri dq htxloleulxp iru d vlpsolhg yhuvlrq ri wkh hqylurqphqw/ vhh
vxevhfwlrq 717 ehorz1
4;7141 Sdudphwhu Ydoxhv dqg wkh Vwhdg| Vwdwh





Wklv olvw lqfoxghv wzr sdudphwhuv ghwhuplqlqj wkh qdwxuh ri djjuhjdwh xqfhuwdlqw| wr eh h{sodlqhg
ehorz1 Zh fkrrvh sdudphwhuv wr kljkoljkw wkh lpsdfw ri wkh lqyhqwru| dqg sulfh srolflhv dqg wr
dfklhyh d ghjuhh ri hpslulfdo sodxvlelolw|1 Wkh h{dpsohv dqdo|}hg ehorz dffruglqjo| duh edvhg
rq yh edvholqh fkrlfhv iru wkh sdudphwhuv/ vxppdul}hg lq wdeoh 4/ zklfk zh qrz glvfxvv1
Wkh edvholqh sdudphwhu vhwv duh fkrvhq wr hqvxuh wkdw lq vwhdg| vwdwh/ dqg lq d uhjlrq ri
wkh vwdwh vsdfh orfdo wr vwhdg| vwdwh/ yh sduwlfxodu frpelqdwlrqv ri rughu srolf| %W dqg sulflqj
vfkhph %￿/ rqh iru hdfk sdudphwhu vhw/ duh rswlpdo iurp wkh shuvshfwlyh ri d uhsuhvhqwdwlyh
uhwdlohu1 Wkhvh frpelqdwlrqv duh E%Wc% ￿'E  cf/ E2cf/ E2c/ Eecf/d q gEec21 Zh fdoleudwh #
wr { %￿155 Wkh {hg frvw sdudphwhu f ghwhuplqhv %W1 Zh gr fkhfn wkh rswlpdolw| ri wkh sulfh
dqg rughu vwudwhjlhv lq rxu vlpxodwlrqv156
Wkh lqwudwhpsrudo hodvwlflw| ri oderu vxsso| zlwk uhvshfw wr wkh uhdo zdjh lv dssur{lpdwho|
htxdo wr *D1 Rqh ihdwxuh zh zrxog olnh wkh prgho wr kdyh lv wkdw krxuv zrunhg dqg vkrsslqj
wlph duh surf|folfdo1 Lq rughu iru wklv wr eh wkh fdvh/ zh zrun zlwk D 'f 2/ zklfk lpsolhv d
uhodwlyho| odujh oderu vxsso| hodvwlflw| zkhq frpsduhg wr hodvwlflwlhv uhsruwhg lq hpslulfdo oderu
vxsso| vwxglhv157 Zh fdoleudwh l/ zklfk frqwurov wkh h!flhqf| ri vhdufk hruw/ wr { wkh vwhdg|
vwdwh furvv vhfwlrqdo yduldqfh ri vdohv iru uhwdlohuv158 Qrwlfh wkdw wkh pdwfklqj suredelolw| iru w
ghwhuplqhv wklv yduldqfh1 H{fhsw iru ydoxhv ri w forvh wr xqlw| wkh yduldqfh ri vdohv uhodwlyh wr lwv
55Ilvkhu dqg Kruqvwhlq +4<<9, ghulyh d irupxod iru  vxfk wkdw d sduwlfxodu {3 sulflqj vfkhph lv rswlpdo li
wkhuh lv qr djjuhjdwh xqfhuwdlqw|1 Zh xvh wklv irupxod wr vhohfw ydoxhv iru 1
56Wkh surfhgxuh iru grlqj wklv lv ghvfulehg lq Ilvkhu dqg Kruqvwhlq +4<<9,1
57Vlplodu uhvxowv fdq eh dwwdlqhg lq d prgho zlwk krph surgxfwlrq lq zklfk krph dqg pdunhw jrrgv duh
uhodwlyho| hdv| wr vxevwlwxwh/ vhh iru h{dpsoh Ehqkdele/ Urjhuvrq dqg Zuljkw +4<<4,1
58Zh duh xqdeoh wr fdoleudwh  wr pdwfk hylghqfh rq wlph ghyrwhg wr vkrsslqj dfwlylwlhv ehfdxvh rqfh  lv
vhohfwhg wkh hqgrjhqrxv h{shfwhg vxusoxv iurp vkrsslqj {hv qv1
4<phdq lv yhu| odujh1 Iru wklv uhdvrq zh fdoleudwh l vr wkdw lq vwhdg| vwdwh w 'f HD1 Wklv fkrlfh
dovr lvrodwhv wkh sursdjdwlrq hhfwv ri E7cr lqyhqwru| srolflhv lq rxu prgho/ vlqfh lw zhdnhqv d
fkdqqho ri shuvlvwhqfh lq wkh prgho wkdw lv xquhodwhg wr E7cr lqyhqwru| srolflhv shu vh159
Lq nhhslqj zlwk uhodwhg zrun lq wkh uhdo exvlqhvv f|foh olwhudwxuh zh vhw oderu*v vkduh ri
lqfrph k wr fSe1 Wkh vwhdg| vwdwh wlph glvfrxqw idfwru q lv vhw wr fD3￿*￿2/v rw k d wds h u l r g
lq wkh prgho lv d prqwk dqg wkh uhdo lqwhuhvw udwh lq vwhdg| vwdwh lv DI dw dq dqqxdo udwh1 Wkh
frqvwdqw whup ) lq wkh pdwfklqj ixqfwlrq lv vhw wr fHD1 Wklv lpsolhv wkdw lq vwhdg| vwdwh wkh
qxpehu ri vkrsshuv dqg uhwdlohuv duh lghqwlfdo/  ' 7/ dqg wkh suredelolw| ri d pdwfk iurp wkh
shuvshfwlyh ri d vkrsshu lv wkh vdph dv iru d uhwdlohu/ / ' w1Z h {5 'dqg ￿ ' .D1W k h v h
duh qrupdol}dwlrqv zklfk kdyh qr pdmru frqvhtxhqfh iru wkh dqdo|vlv1 Zh gr qrw kdyh dq| gluhfw
hylghqfh rq wkh pdwfklqj ixqfwlrq hodvwlflw|/ >1 Frpsxwdwlrqdo h{shulphqwv vkrz wkdw d kljk
ydoxh iru > fdq uhvxow lq vdz0wrrwk uhvsrqvhv wr h{rjhqrxv vkrfnv iru vrph djjuhjdwh yduldeohv1
Vlqfh zh gr qrw ylhz wkhvh uhvsrqvh sdwwhuqv dv hpslulfdoo| sodxvleoh/ zh vhohfw d uhodwlyho| orz
ydoxh/ > 'f 2D/ iru rxu edvholqh sdudphwhul}dwlrqv15:
Zlwk wkhvh sdudphwhuv zh fdq frpsxwh d qrq0vwrfkdvwlf vwhdg| vwdwh1 Dw wklv srlqw lw lv
zruwk frqvlghulqj wkh lpsolfdwlrqv ri rxu sdudphwhu vhohfwlrqv iru wkh ydoxhv ri nh| yduldeohv
lq vwhdg| vwdwh1 Wklv khosv wr hydoxdwh wkh h{whqw wr zklfk rxu vhohfwlrqv fdq eh frqvlghuhg
uhdvrqdeoh1 Wzr yduldeohv duh xvhixo iru wklv sxusrvh= wkh vwhdg| vwdwh djjuhjdwh lqyhqwru|0vdohv
udwlr dqg wkh vwhdg| vwdwh h{shfwhg wlph ehwzhhq rughuv iru d w|slfdo uhwdlohu1 Wkhvh yduldeohv
duh vkrzq lq wdeoh 5 iru wkh yh glhuhqw edvholqh sdudphwhul}dwlrqv1
Wkh djjuhjdwh lqyhqwru|0vdohv udwlr +frqvlvwhqw zlwk wkh dqdo|vlv lq vhfwlrq 515/ zh ghqh
lqyhqwrulhv wr eh wkh wrwdo vwrfn ri lqyhqwrulhv dw wkh hqg ri d shulrg, ydulhv iurp d orz ri fH
lq wkh Ecf prgho wr d kljk ri 2Hf lq wkh Eec2 prgho dqg lv srvlwlyho| uhodwhg wr erwk %W dqg
%￿1 Ryhu wkh shulrg 4<9:04<<4 wkh dyhudjh ri wkh udwlr ri wrwdo uhwdlo lqyhqwrulhv wr wrwdo uhwdlo
vdohv dw wkh prqwko| iuhtxhqf| lq X1V1 gdwd lv e.15;
59O r z h uy d o x h vr i fruuhvsrqg wr orqjhu phdq wlph ehwzhhq vdohv1 Dq h{rjhqrxv lpsxovh wkdw lqfuhdvhv wkh
qxpehu ri uhwdlohuv kdv d orqjhu odvwlqj lpsdfw rq wkh hfrqrp| wkh orqjhu wkh phdq wlph ehwzhhq vdohv ehfdxvh
wkh vwrfn ri lqyhqwrulhv wdnhv orqjhu wr uhwxuq wr lwv vwhdg| vwdwh ohyho1
5:Iru pruh rq vdz0wrrwk uhvsrqvh sdwwhuqv vhh irrwqrwh 671
5;Wklv qxpehu lv edvhg rq wkh udwlr ri uhwdlo lqyhqwrulhv wr uhwdlo vdohv dv jlyhq e| wkh yduldeohv LYUU dqg
UWUU/ uhvshfwlyho|/ iurp wkh Flwledvh gdwdedqn1
53Wkh h{shfwhg wlph ehwzhhq rughulqj/ qrw vxusulvlqjo|/ lv dovr srvlwlyho| uhodwhg wr %W dqg
%￿1 Lw udqjhv iurp d orz ri . prqwkv lq wkh Ecf p r g h ow rdk l j kr i.fe prqwkv lq wkh
Eec2 prgho1 Wklv yduldeoh lv lpsruwdqw iru rxu dqdo|vlv ehfdxvh lw kdv d vxevwdqwldo lpsdfw rq
wkh ghjuhh ri shuvlvwhqfh lpsolhg e| wkh prgho1 Djxluuhjdeluld +4<<7, qgv wkdw wkh phdq wlph
ehwzhhq rughulqj ri doo jrrgv vrog e| d Vsdqlvk vxshupdunhw fkdlq lv derxw  prqwkv1 Wkh
udqjh ri klv hvwlpdwhv lqfoxghv d orz ri ohvv wkdq d prqwk/ wr d kljk ri ryhu f prqwkv1 Zh duh
qrw dzduh ri dq| rwkhu hpslulfdo vwxglhv wkdw surylgh lqghshqghqw hylghqfh rq wkh phdq wlph
ehwzhhq rughulqj1
Dv ghvfulehg suhylrxvo|/ zh doorz iru wkh srvvlelolw| ri whfkqrorj| dqg glvfrxqw udwh vkrfnv1
Zh rqo| lqfoxgh rqh vkrfn lq wkh prgho dw d wlph/ exw xvh d frpprq irup iru wkh iruflqj
surfhvv/
*?3| 'E  4*?3 n 4*?3|3￿ n "|/ zlwk "|  Efcj
2/ ; |/ m4m 	 /
iru E3|c3'E 5|c5 ru Eq|cq1 Vlqfh wkh shulrg ohqjwk lq wkh prgho lv d prqwk zh dgrsw wkh
ylhz wkdw wkh glvwxuedqfhv duh ehvw prghohg dv shuvlvwhqw1 Lq rxu edvholqh h{shulphqwv/ wkhq/
zh { 4 'f b1 Wr hqvxuh wkdw wlph lqyduldqw sulfh dqg lqyhqwru| vwudwhjlhv duh rswlpdo iru
rxu sdudphwhul}dwlrqv zh dvvxph wkh vwdqgdug ghyldwlrq ri lqqrydwlrqv/ j/ lv vpdoo hqrxjk1 Lq
doo rxu h{shulphqwv zh xvh j 'f f1 Frqvlghu wkh iruflqj surfhvv dq dssur{lpdwlrq vlqfh wkh
udqgrp yduldeoh lw ghvfulehv lv qrw erxqghg1 Wklv dssur{lpdwlrq shuirupv zhoo vlqfh lqqrydwlrqv
duh vpdoo1
7151 Looxvwudwlqj wkh Jhqhudo Htxloleulxp Hhfwv
Lq wklv vhfwlrq zh looxvwudwh wkh prgho*v jhqhudo htxloleulxp ihhgedfn hhfwv dqg foduli| wkh
glhuhqfhv ehwzhhq wkh jhqhudo htxloleulxp prgho dqg sduwldo htxloleulxp prgho vwxglhg lq
vhfwlrq 5151 Wr gr wklv zh h{dplqh wkh g|qdplf uhvsrqvhv ri ydulrxv hqgrjhqrxv yduldeohv
wr whfkqrorj| dqg glvfrxqw udwh vkrfnv1 Wkh lpsxovh uhvsrqvh ixqfwlrqv zh duh lqwhuhvwhg lq
duh vkrzq lq jxuhv 4 wr 8 iru wkh glhuhqw E%Wc% ￿ frpelqdwlrqv dqg dowhuqdwlyh vshflfdwlrqv
ri djjuhjdwh xqfhuwdlqw|1 Diwhu ghvfulelqj wkh od|rxw ri wkh jxuhv dqg vrph ghwdlov derxw
phdvxuhphqw/ zh glvfxvv wkh rqh0sulfh h{dpsohv iroorzhg e| wkh wzr0sulfh h{dpsohv1
54Wkh uvw froxpq ri hdfk jxuh glvsod|v g|qdplf uhvsrqvhv iru djjuhjdwh vdohv/ djjuhjdwh
rughuv/ wkh qxpehu ri vkrsshuv/ dqg wkh dyhudjh vdoh sulfh ri frqvxpswlrq jrrgv uhodwlyh wr
pdqxidfwxuhg jrrgv1 Wkh vhfrqg froxpq vkrzv g|qdplf uhvsrqvhv iru lqyhqwru| lqyhvwphqw/
dyhudjh vdohv shu uhwdlohu/ qhw hqwu| lq wkh uhwdlo vhfwru/ dqg wkh sursruwlrq ri uhwdlohuv lq wkh lq0
yhqwru| glvwulexwlrq wkdw kdyh lqyhqwrulhv juhdwhu wkdq %￿1 Zlwk wzr h{fhswlrqv doo wkh uhvsrqvhv
duh shu fhqw ghyldwlrqv iurp wkh vwrfkdvwlf vwhdg| vwdwh ydoxh ri wkh yduldeoh lq txhvwlrq frp0
sxwhg e| dvvxplqj wkh djjuhjdwh vkrfn htxdov lwv phdq iruhyhu dqg wkh lqyhqwru| glvwulexwlrq
kdv frqyhujhg wr lwv fruuhvsrqglqj lqyduldqw glvwulexwlrq15< Wkh h{fhswlrqv duh lqyhqwru| lqyhvw0
phqw dqg qhw hqwu|/ zklfk duh vkrzq dv devroxwh ghyldwlrqv iurp wkhlu vwrfkdvwlf vwhdg| vwdwh
ydoxhv1 Doo wkh uhvsrqvhv duh glvsod|hg dv d sursruwlrq ri wkh vwdqgdug ghyldwlrq ri wkh lqqryd0
wlrq wr wkh djjuhjdwh vkrfn1 Wkh| duh edvhg rq d rqh vwdqgdug ghyldwlrq srvlwlyh lqqrydwlrq wr
wkh djjuhjdwh vkrfn lq txhvwlrq zklfk rffxuv lq shulrg 6 lq wkh jxuhv1
Zh phdvxuh vdohv/ rughuv dqg lqyhqwru| lqyhvwphqw dffruglqj wr wkh ghqlwlrqv jlyhq lq
vhfwlrq 5151 Pdqxidfwxuhg jrrgv duh wkh qxphudluh dqg zh xvh qrqvwrfkdvwlf vwhdg| vwdwh edvh
shulrg sulfhv wr ydoxh vdohv dqg wkh vwrfn ri lqyhqwrulhv lq dq| gdwh1 Wr eh suhflvh/ wkh dyhudjh
uhwdlo sulfh lv xvhg wr ydoxh uhwdlo vdohv dqg zh ydoxh wkh vwrfn ri lqyhqwrulhv lq whupv ri wkh
dyhudjh uhsodfhphqw frvw1 Lq wkh jxuhv cdyhudjh uhwdlo sulfh* lv wkh pdujlqdo xwlolw| ri wkh
frqvxpswlrq lqgh{1 Ilqdoo|/ qhw hqwu| lv ghqhg lq wkh jxuhv dv wrwdo hqwu| lq wkh shulrg ohvv
wkh qxpehu ri uhwdlohuv wkdw vwrfn rxw dw wkh hqg ri wkh suhylrxv shulrg1
Rqh0sulfh h{dpsohv
Dv glvsod|hg lq jxuh 4/ d shuvlvwhqw/ srvlwlyh whfkqrorj| vkrfn jhqhudwhv d shuvlvwhqw errp
lq uhwdlo vdohv/ lqyhqwru| lqyhvwphqw/ rughuv/ wkh qxpehu ri vkrsshuv/ dqg qhw0hqwu| lqwr wkh
uhwdlo vhfwru1 Wkhvh uhvsrqvhv doo iroorz iurp wkh idfw wkdw ehfdxvh ri shuvlvwhqwo| kljkhu zdjhv
krxvhkrogv ghpdqg pruh fxuuhqw dqg ixwxuh frqvxpswlrq iru vwdqgdug shupdqhqw lqfrph k|0
srwkhvlv uhdvrqv1 Wklv udlvhv wkh ghpdqg iru uhwdlo jrrgv/ dqg lq sduwlfxodu wkh dyhudjh uhwdlo
sulfh163 Qrwlfh wkdw wkh pdjqlwxgh ri wkh uhwdlo sulfh uhvsrqvh lv lqyhuvho| uhodwhg wr wkh ghjuhh
5<Wkhvh vwrfkdvwlf vwhdg| vwdwh ydoxhv duh qrw txlwh wkh vdph dv wkh fruuhvsrqglqj qrq0vwrfkdvwlf vwhdg| vwdwh
ydoxhv1 Wklv lv ehfdxvh wkh| duh edvhg rq wkh vroxwlrq wr wkh prgho lqfrusrudwlqj djjuhjdwh xqfhuwdlqw|1 Lq
sudfwlfh/ wkh glhuhqfh lv yhu| vpdoo1
63Kljkhu uhdo zdjhv lqfuhdvh wkh krxvhkrog*v zloolqjqhvv wr sd| iru fxuuhqw frqvxpswlrq1 Vhh htxdwlrq +48,1
55ri qhw0hqwu|1 Wklv looxvwudwhv wkh hhfw ri wkh hqwu| fkdqqho rq wkh vxsso| ri fxuuhqw frqvxps0
wlrq jrrgv1 Hqwu| whqgv wr gulyh wkh uhwdlo sulfh grzq dqg sduwldoo| rvhwv wkh lqfuhdvh lq wkh
dyhudjh uhwdlo sulfh eurxjkw rq e| kljkhu ghpdqg iru uhwdlo jrrgv164
Lq frqwudvw wr wkh sduwldo htxloleulxp fdvh/ wkh uhvsrqvhv ri vdohv/ rughuv/ dqg lqyhqwru|
lqyhvwphqw lq wkh jhqhudo htxloleulxp prgho uhsolfdwh wkh txdolwdwlyh ihdwxuhv ri d errp1 Wkh
rqo| uhvsrqvh lqfrqvlvwhqw zlwk d errp lv dyhudjh vdohv +lq wkh rqh0sulfh prghov/ w,/ zklfk dozd|v
gursv165 Wkh ehkdylru ri wkh glvwulexwlrq ri lqyhqwrulhv dfurvv uhwdlohuv jlyhv vrph lqglfdwlrq
wkdw dyhudjh vdohv lq d wzr0sulfh prgho zloo ehkdyh glhuhqwo|1 Ghvfulelqj zk| wklv lv vr khosv
wr looxvwudwh wkh sulfh fkdqqho1 Lq wkh orzhu uljkw kdqg fruqhu ri jxuh 4 wkh uhvsrqvh ri wkh
sursruwlrq ri uhwdlohuv wkdw krog lqyhqwrulhv kljkhu wkdq %￿ 'iru wkh E2cf prgho/ dqg kljkhu
wkdq %￿ '2iru wkh Eecf prgho/ duh vkrzq1 Jlyhq wkh srvlwlyh qhw0hqwu| uhvsrqvh/ wkh sursruwlrq
ri upv wrzdug wkh kljk hqg ri wkh lqyhqwru| glvwulexwlrq ulvhv iru erwk sdudphwhul}dwlrqv1 Ehorz
zh vkrz wkdw wklv nlqg ri uhvsrqvh fduulhv ryhu wr wkh wzr0sulfh h{dpsohv/ vr wkdw lq wkhvh fdvhv
d kljkhu sursruwlrq ri uhwdlo upv zloo fkdujh wkh orzhu sulfh lq uhvsrqvh wr d srvlwlyh 50vkrfn1
Wklv lqfuhdvhv wkh pdujlqdo uhwxuq wr vkrsslqj/ hqfrxudjhv d vwurqjhu uhvsrqvh ri vkrsshuv/ dqg
uhyhuvhv wkh uhvsrqvh ri dyhudjh vdohv1 Wkh ehkdylru ri wkh rwkhu pdlq djjuhjdwhv lv qrw hhfwhg1
Dw wklv srlqw lw lv lqwhuhvwlqj wr vwxg| wkh dpsolfdwlrq dqg sursdjdwlrq hhfwv ri E7cr
srolflhv1 Uhjduglqj dpsolfdwlrq/ qrwlfh wkdw dowkrxjk wkh vl}h ri wkh uhvsrqvh ri lqyhqwru|
lqyhvwphqw lqfuhdvhv zlwk wkh rughu vl}h/ wkh uhvsrqvhv iru vdohv dqg rughuv ghfolqh zlwk wkh
rughu vl}h1 Wklv lv gxh wr d zhdowk hhfw1 Wkh {hg rughu frvw lv odujhu lq kljkhu %W hfrqrplhv/
vr wkh pdujlqdo oderu frvw ri dgglwlrqdo frqvxpswlrq lv juhdwhu dv zhoo1 Pruhryhu/ sduw ri wkh
frqvxpswlrq ehqhwv ri dgglwlrqdo oderu hruw dffuxh odwhu lq wlph1 Lw iroorzv wkdw iru wkh vdph
vl}h vkrfn wkh frqvxpswlrq uhvsrqvh vkrxog eh vpdoohu lq hfrqrplhv zlwk kljkhu rughu vl}hv1
Wr frqvlghu sursdjdwlrq/ lw lv khosixo wr h{dplqh/ dorqj zlwk jxuh 4/ wkh fdvh ri sxuho|
whpsrudu| 50vkrfnv/ 4 'f / glvsod|hg lq jxuh 51 Qrwlfh wkdw wkh shuvlvwhqfh ri wkh uhvsrqvh
64Ghvslwh kljkhu uhwdlo sulfhv wkh }hur surw frqglwlrq lv pdlqwdlqhg lq wkhvh h{dpsohv ehfdxvh lqwhuhvw udwhv
+qrw vkrzq, dovr uhvsrqg srvlwlyho| wr wkh whfkqrorj| vkrfn1
65Zlwk srvlwlyh qhw hqwu| dqg d odujhu qxpehu ri vkrsshuv wkh uhvsrqvh ri wkh pdwfklqj suredelolw| dsshduv
dpeljxrxv1 Krzhyhu/ lw lv vwudljkwiruzdug wr vkrz/ xvlqj htxdwlrqv +47,/ wkdw lq wkh rqh0sulfh prghov wkh
sursruwlrq ri uhwdlohuv dfwxdoo| ehlqj pdwfkhg zlwk vkrsshuv/ / pxvw idoo/ li dq h{rjhqrxv lpsxovh ohdgv wr
srvlwlyh qhw hqwu|1 Wklv idfw xqghuolhv wkh idoo lq dyhudjh vdohv shu uhwdlo up1
56ri vdohv lv srvlwlyho| uhodwhg wr %W/ uhjdugohvv ri wkh ydoxh ri 4 dvvxphg1 Wklv lv ehfdxvh/ rwkhu
wklqjv htxdo/ d odujhu rughu vl}h phdqv d jlyhq srvlwlyh fkdqjh lq rughuv lqfuhdvhv wkh vxsso|
ri frqvxpswlrq jrrgv iru d orqjhu shulrg ri wlph1 Lw vhhpv wr vxjjhvw wkdw E7cr lqyhqwru|
srolflhv gr lq idfw kdyh wkh srwhqwldo wr frqwulexwh wr wkh shuvlvwhqfh ri djjuhjdwh  xfwxdwlrqv1
Wkh kxpshg uhvsrqvhv ri rxwsxw +wkdw lv rughuv, dqg wkh ehkdylru ri lqyhqwru| lqyhvwphqw lq
jxuh 4 rhu pruh lqglfdwlrqv ri shuvlvwhqfh1 \hw/ dv jxuh 5 vkrzv/ pxfk ri wkh shuvlvwhqfh lq
wkh prgho lv gxh wr wkh shuvlvwhqfh ri wkh h{rjhqrxv vkrfn1
Wkh rqh0sulfh uhvsrqvh ixqfwlrqv zlwk glvfrxqw udwh vkrfnv +q0vkrfnv, duh vlplodu wr wkh
50vkrfn fdvhv lq whupv ri exvlqhvv f|foh g|qdplfv dqg shuvlvwhqfh1 Wkh 4 'f b ixqfwlrqv duh
vkrzq lq jxuh 6 +iru rwkhu uhvxowv/ khuh dqg ehorz/ vhh Kruqvwhlq dqg Ilvkhu/ 4<<9,1 Wkhvh
uhvsrqvhv duh txdolwdwlyho| yhu| forvh wr jxuh 4/ h{fhsw wkdw khuh wkh dyhudjh uhwdlo sulfh idoov/
wkh uhvsrqvh ri wkh qxpehu ri vkrsshuv lv qrw dozd|v srvlwlyh/ dqg wkh uhvsrqvh ri vdohv lv pxfk
pruh ghod|hg1
Wkh pdlq glhuhqfh zlwk wkh 50vkrfn h{dpsohv hylghqw iurp jxuh 6 lv wkdw wkh lqyhqwru|
srolf| kdv d odujh dpsolfdwlrq hhfw1 Lq sduwlfxodu/ d zlghu E7cr edqg lv dvvrfldwhg zlwk
dpsolhg vdohv dqg rughuv uhvsrqvhv/ dowkrxjk wkh dpsolfdwlrq hhfw ri d zlghu E7cr edqg
lv plwljdwhg dv 4 lv uhgxfhg +qrw vkrzq,1 Dpsolfdwlrq lv d gluhfw uhvxow ri wkh hqwu| fkdqqho1
D shupdqhqw lqfuhdvh lq q lqfuhdvhv wkh ydoxh ri dq rughu dqg hqfrxudjhv hqwu| lqwr wkh uhwdlo
vhfwru1 Lq dgglwlrq/ wkh lqfhqwlyh wr hqwhu wkh uhwdlo vhfwru lv pruh lqwhuhvw udwh vhqvlwlyh wkh
odujhu lv wkh rswlpdo rughu vl}h166 Zlwk uhvshfw wr jxuh 6 wkhvh frqvlghudwlrqv h{sodlq +l, wkh
srvlwlyh dqg dpsolhg uhvsrqvhv ri qhw0hqwu|/ vdohv/ rughuv dqg lqyhqwru| lqyhvwphqw/ dqg +ll,
wkh qhjdwlyh dqg dpsolhg uhvsrqvh ri wkh dyhudjh uhwdlo sulfh1 Lpsolfdwlrq +ll, iroorzv vlqfh
hqwu| whqgv wr orzhu uhwdlo sulfhv gxh wr d sxuh vxsso| hhfw1
Wzr0sulfh h{dpsohv
Zh qrz frqvlghu eulh | lpsxovh uhvsrqvhv lpsolhg e| wkh wzr0sulfh prghov1 Wr frqvhuyh
66Wr vhh wklv/ frqvlghu d uhwdlohu zklfk idfhv d frqvwdqw glvfrxqw idfwru  dqg wkdw fdq pdnh d vdoh zlwk
suredelolw| rqh dw d sulfh htxdo wr xqlw| lq hyhu| shulrg1 Lq wklv fdvh wkh h{shfwhg ydoxh ri dq rughu ri vl}h {￿ lv
Y{￿ @+ 4 
{￿
,@+4  ,1 Wkh hodvwlflw| ri Y{￿ zlwk uhvshfw wr  lv lqfuhdvlqj lq {￿1 Wklv lpsolhv wkh lqfuhdvhg
lqwhuhvw udwh vhqvlwlylw| ri hqwu|1 Qrwh wkdw lq wklv h{dpsoh whpsrudu| fkdqjhv lq  vkrxog kdyh d vpdoohu lpsdfw
rq wkh ydoxh ri dq rughu uhodwlyh wr shupdqhqw fkdqjhv1
57vsdfh zh frqvlghu wkh fdvh ri 4 'f b rqo|1 Wkh uhohydqw uhvsrqvh ixqfwlrqv duh glvsod|hg lq
jxuhv 7 dqg 8 iru wkh 50vkrfn dqg q0vkrfn/ uhvshfwlyho|1 Zh kdyh lqfoxghg lq wkhvh jxuhv wkh
uhvsrqvhv iru wkh Ecf prgho wr looxvwudwh wkh ryhudoo lpsdfw ri wkh sulfh dqg hqwu| fkdqqhov dv
zhoo dv fkdqjhv lq wkh lqyhqwru| srolf| rq wkh uhvsrqvhv ri wkh hqgrjhqrxv yduldeohv1
Zh vhh iurp wkh jxuhv wkdw wkh uhvsrqvhv ri wkh pdlq djjuhjdwhv wr erwk nlqgv ri vkrfn
duh txdolwdwlyho| yhu| vlplodu wr wkh rqh0sulfh uhvsrqvhv/ zlwk wkh h{fhswlrq ri dyhudjh vdohv dqg
vkrsslqj wlph1 Wkurxjk wkh sulfh fkdqqho/ kljkhu qhw0hqwu| pdnhv wkh sulfh glvwulexwlrq pruh
dwwudfwlyh iru wkh krxvhkrog/ zklfk lqfuhdvhv vkrsslqj wlph dqg wkhuhe| dyhudjh vdohv1 Wklv lq
wxuq phdqv wkdw wrwdo vdohv uhvsrqg idvwhu/ hvshfldoo| iru wlph glvfrxqw vkrfnv1 Iru wkh 50vkrfn/
qrwlfh wkdw wkh rswlpdo sulfh dqg rughulqj srolflhv ri lqglylgxdo uhwdlohuv kdyh rqo| d plqru
lpsdfw rq wkh ehkdylru ri djjuhjdwh rughuv1 Iru q0vkrfnv/ qrwlfh wkh dpsolfdwlrq hhfw ri d
zlghu E7cr edqg lqglfdwhg lq jxuhv 6 lv hylghqw khuh dovr1
Dowkrxjk wkh txdolwdwlyh ihdwxuhv ri wkh rqh0sulfh dqg wzr0sulfh h{dpsohv duh yhu| vlplodu/
wklv grhv qrw phdq wkdw wkh sulfh fkdqqho lv xqlpsruwdqw dqg wkdw hqwu| lv wkh pdlq fkdqqho
wkurxjk zklfk djjuhjdwh yduldeohv duh lq xhqfhg e| wkh lqyhqwru| glvwulexwlrq1 Dv zh qrz vkrz/
wkh idvwhu uhvsrqvh ri vdohv wr vkrfnv lq wkh wzr0sulfh h{dpsoh lv qhfhvvdu| wr dffrxqw iru wkh
srvlwlyh fruuhodwlrq ri lqyhqwru| lqyhvwphqw zlwk vdohv dqg wkh surf|folfdolw| ri dyhudjh vdohv167
67Wkh sulfh fkdqqho dovr kdv d vljqlfdqw lpsdfw rq wkh ehkdylru ri djjuhjdwh yduldeohv iru rwkhu sdudphwhul0
}dwlrqv ri wkh prgho1 Iru h{dpsoh/ uhfdoo rxu glvfxvvlrq ri sdudphwhu vhohfwlrq zkhuh phqwlrq zdv pdgh ri krz
vdz0wrrwk lpsxovh uhvsrqvhv fdq hphujh iurp wkh prgho zkhq  lv codujh*1 Wkuhh idfwruv h{sodlq wklv1 Iluvw/ wkh
hodvwlflw| ri  zlwk uhvshfw wr Q dqg V lv lqfuhdvlqj lq 1 Vhfrqg/ wkh sulfh fkdqqho jlyhv ulvh wr d vkrsslqj wlph
ghflvlrq uxoh wkdw ghshqgv srvlwlyho| rq wkh qxpehu ri uhwdlohuv zlwk {A{ 3 dqg qhjdwlyho| rq wkh qxpehu ri
uhwdlohuv zlwk {  {31 Wklug/ wkh sulfh fkdqqho dpsolhv wkh uhvsrqvh ri wkh qxpehu ri vkrsshuv wr dq h{rjhqrxv
glvwxuedqfh1 Wr vhh krz wkh vdz0wrrwk sdwwhuqv hphujh/ frqvlghu wkh fdvh ri d srvlwlyh lqqrydwlrq wr } lq dq
rwkhuzlvh edvholqh +5>4, yhuvlrq ri wkh prgho zlwk  @3 =< dqg/ vd|/  @3 =81 Wkh lqqrydwlrq whqgv wr lqfuhdvh
wkh qxpehu ri vkrsshuv pruh wkdq wkh qxpehu ri uhwdlohuv/ zklfk/ ehfdxvh ri wkh uhodwlyho| kljk ydoxh ri /o h d g v
wr d odujh srvlwlyh uhvsrqvh ri wkh pdwfklqj suredelolw| 1 Wkh kljk ydoxh ri  vkliwv wkh sulfh glvwulexwlrq grzq
hqrxjk vr wkdw lq wkh iroorzlqj shulrg vkrsslqj wlph gursv wr lqgxfh d vljqlfdqwo| orzhu 1 Zlwk vwloo srvlwlyh
qhw hqwu|/ wkh sulfh glvwulexwlrq vkliwv edfn lq idyru ri hqfrxudjlqj wkh vxevwlwxwlrq ri wlph wrzdug vkrsslqj
dqg d f|folfdo sdwwhuq hphujhv1 Wklv sdwwhuq lv uhplqlvfhqw ri wkh rvfloodwlrqv zklfk hphujh iurp wudglwlrqdo
lqyhqwru|0dffhohudwru prghov +vhh Phw}ohu 4<74,1 Krzhyhu wkh vwdeoh kljk iuhtxhqf| g|qdplfv lpsolhg e| vrph
sdudphwhul}dwlrqv duh ghulyhg iurp dq htxloleulxp prgho dqg qrw iurp phfkdqlfdo htxdwlrqv/ dv lv wkh fdvh lq
wkh wudglwlrqdo prghov1
587161 Txdqwli|lqj wkh Jhqhudo Htxloleulxp Hhfwv
Wr txdqwli| wkh jhqhudo htxloleulxp hhfwv zh dqdo|}h vxppdu| vwdwlvwlfv edvhg rq vlpxodwlqj
wkh prgho xqghu wkh edvholqh sdudphwhul}dwlrqv1 Wdeoh 6 uhsruwv vwdwlvwlfv uhodwhg wr vdohv +,/
rughuv +t ,/ lqyhqwru| lqyhvwphqw +{U,/ dqg dyhudjh vdohv +*, edvhg rq prqwko| gdwd168 Wkh
qrwdwlrq j% ghqrwhv wkh vwdqgdug ghyldwlrq ri wkh yduldeoh % ' ctc{U uhodwlyh wr wkh vwdqgdug
ghyldwlrq ri wkh h{rjhqrxv vkrfn1 Wkh qrwdwlrq 4Ec% ghqrwhv wkh fruuhodwlrq frh!flhqw iru
yduldeohv  dqg % ' tc{Uc*1 Ilqdoo|/ h{fhsw iru {U/ zh orj doo yduldeohv ehiruh frpsxwlqj
vwdwlvwlfv1
Wkh uhodwlrqvkls ehwzhhq vwdwlvwlfv dqg prgho sdudphwhul}dwlrqv iru hdfk ri wkh wzr vrxufhv
ri djjuhjdwh xqfhuwdlqw| duh lq pdq| uhvshfwv txlwh vlplodu1 Iluvw/ lq frqwudvw wr wkh sduwldo
htxloleulxp prgho/ rughuv duh pruh yrodwloh wkdq vdohv dqg lqyhqwru| lqyhvwphqw lv srvlwlyho|
fruuhodwhg zlwk vdohv lq wkh wzr0sulfh h{dpsohv1 Wkh h{fhvv yrodwlolw| ri rughuv ryhu vdohv lv
srvlwlyho| uhodwhg wr erwk %W dqg %￿1 Wklv skhqrphqrq vhhpv wr eh gxh wr d frpelqdwlrq
ri vdohv yrodwlolw| ehlqj gdpshqhg zkloh  xfwxdwlrqv lq lqyhqwru| lqyhvwphqw duh dpsolhg/
dv zh fkdqjh sdudphwhuv vr wkdw %W dqg %￿ duh lqfuhdvhg1 Wkh sulfh fkdqqho lv lpsruwdqw iru
jhqhudwlqj d srvlwlyh xqfrqglwlrqdo fruuhodwlrq ri lqyhqwru| lqyhvwphqw zlwk vdohv1 Lq wkh devhqfh
ri wkh sulfh fkdqqho/ lqyhqwrulhv dqg vdohv duh hvvhqwldoo| xqfruuhodwhg iru whfkqrorj| vkrfnv dqg
qhjdwlyho| fruuhodwhg iru glvfrxqw udwh vkrfnv1 Iru wkh wzr0sulfh prgho zlwk dq dfwlyh sulfh
fkdqqho/ lqyhqwrulhv dqg vdohv duh srvlwlyho| fruuhodwhg ehfdxvh dv glvfxvvhg deryh vdohv uhvsrqg
idvwhu gxh wr wkh vwurqjhu ghfolqh lq sulfhv1
Vhfrqg/ rughuv duh xqlirupo| srvlwlyho| fruuhodwhg zlwk vdohv dqg wklv fruuhodwlrq lv jhqhudoo|
lqyhuvho| uhodwhg lq htxloleulxp wr %W dqg %￿1 Wkh fruuhodwlrq ri dyhudjh vdohv zlwk vdohv lv qhyhu
srvlwlyh1 Krzhyhu/ wklv fruuhodwlrq ehfrphv ohvv qhjdwlyh zkhq wkh sulfh fkdqqho lv rshudwlrqdo
dqg wkh E7cr edqg lv zlghqhg dqg lw lv srvlwlyh li/ lq dgglwlrq/ 4 lv vpdoo hqrxjk +iru h{dpsoh/
4 'f ,1 Wkhvh revhuydwlrqv vxjjhvw erwk ihhgedfn hhfwv frqwulexwh wr surf|folfdo dyhudjh
vdohv169
68Lq uhvxowv qrw uhsruwhg khuh zh qg wkh txdolwdwlyh frqfoxvlrqv gudzq iurp wkhvh prqwko| vwdwlvwlfv wudqvodwh
wr txduwhuo| gdwd1
69Vrph hpslulfdo hylghqfh vxssruwlqj wkh ylhz wkdw dyhudjh vdohv duh surf|folfdo lv wkdw wkh shu ghdohu dyhudjh
xqlw vdohv ri qhz XV pdgh fduv lv surf|folfdo iru wkh vdpsoh 4<9504<;;1 Wkh ghdohuvkls gdwd lv iurp Zdug*v
59Wklug/ d zlghu E7cr edqg kdv d pl{hg hhfw rq jhqhudwlqj shuvlvwhqfh1 Lw whqgv wr lqfuhdvh
wkh shuvlvwhqfh ri vdohv dqg lqyhqwru| lqyhvwphqw  xfwxdwlrqv/ exw lw kdv olwwoh lpsdfw rq wkh
shuvlvwhqfh ri rughuv  xfwxdwlrqv1
Rqh ihdwxuh ri wkh glvfrxqw udwh vkrfn fdvhv grhv vwdqg rxw/ qdpho| wkh vwurqj dvvrfldwlrq
ri odujhu ydoxhv iru %W dqg %￿ zlwk lqfuhdvhg yrodwlolw| lq vdohv/ rughuv dqg lqyhqwru| lqyhvwphqw1
Lq wkh E%Wc% ￿'E  cf prgho j￿ 'f b/ jt 'f b/d q gj{U 'f f1L qw k hEecf yhuvlrq ri wkh
prgho wkh yrodwlolw| ri vdohv dqg rughuv lqfuhdvhv e| d idfwru ri vhyhq/ dqg lqyhqwru| lqyhvwphqw
lqfuhdvhv e| d idfwru ri wkluw|1 Lq wkh Eec2 yhuvlrq ri wkh prgho wkh yrodwlolw| vwdwlvwlfv lqfuhdvh
djdlq vr wkdw j￿ ' SS/ jt ' H./d q gj{U 'f D1
7171 Lvrodwlqj Hqwu|= Wkh Frpshwlwlyh Htxloleulxp dv d Vshfldo Fdvh
Zh qrz h{dplqh d vshfldo fdvh lq zklfk zh devwudfw iurp wudglqj iulfwlrqv dqg irfxv rq wkh hqwu|
fkdqqho1 Wklv h{dpsoh ghprqvwudwhv wkdw lqyhqwru| kroglqjv gxh wr {hg rughulqj frvwv fdq eh
lqfrusrudwhg lqwr d frpshwlwlyh htxloleulxp prgho1 Wklv lv xvhixo ehfdxvh wkh frpshwlwlyh
htxloleulxp lv Sduhwr0rswlpdo dqg zh fdq xvh wkh vrfldo sodqqlqj sureohp wr vkrz h{lvwhqfh
ri dq htxloleulxp dqg fkdudfwhul}h lwv surshuwlhv1 D txdqwlwdwlyh dqdo|vlv vkrzv wkdw iru wkh
frpshwlwlyh htxloleulxp h{dpsoh/ rughuv uhpdlq pruh yrodwloh wkdq vdohv/ exw wkdw lqyhqwru|
lqyhvwphqw lv qr orqjhu srvlwlyho| fruuhodwhg zlwk vdohv1
Lq wkh devhqfh ri wudglqj iulfwlrqv uhwdlohuv ehkdyh frpshwlwlyho|/ wkdw lv wkh| wdnh ghpdqg
dqg sulfhv dv jlyhq1 Frqvlghu wkh olplwlqj fdvh ri rxu prgho lq zklfk wkh uhsuhvhqwdwlyh krxvh0
krog lv d yhu| h!flhqw vkrsshu/ wkdw lv *l 'f 1 Lq dq htxloleulxp iru wklv hfrqrp|/ wkh
krxvhkrog vhqgv rxw vkrsshuv wr ylvlw doo uhwdlohuv/ wkdw lv w ' / dqg ex|v rqo| iurp uhwdlohuv
zlwk wkh orzhvw sulfh1 D w|slfdo uhwdlohu wdnhv wkh sulfh ri wkh frqvxpswlrq jrrg dv jlyhq= vkh
kdv qr lqfhqwlyh wr udlvh khu sulfh vlqfh wkh suredelolw| ri d vdoh zrxog eh }hur/ dqg vkh kdv qr
lqfhqwlyh wr orzhu wkh sulfh vlqfh vkh douhdg| vhoov wkh jrrg iru vxuh1 Lq whupv ri rxu glvfxvvlrq
ri %￿ sulflqj vfkhphv/ wkh frpshwlwlyh htxloleulxp lv d rqh0sulfh htxloleulxp +%￿ 'f ,l qz k l f k
wkh pdwfklqj suredelolw| iru uhwdlohuv lv rqh1
Dxwrprwlyh Dqqxdo +ydulrxv lvvxhv, dqg wrwdo xqlw vdohv ri grphvwlf qhz fduv lv Flwledvh yduldeoh UFDUG1
Zh fdofxodwh wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq Krgulfn0Suhvfrww owhuhg uhdo JGS +Flwledvh yduldeoh
JGSTI, dqg dyhudjh vdohv shu ghdohu wr eh 318<1
5:Lq Sursrvlwlrq 9 zh vkrz wkh frpshwlwlyh htxloleulxp h{lvwv dqg lv xqltxh1 Wkh yhuvlrq ri wklv
prgho zlwkrxw djjuhjdwh xqfhuwdlqw| looxvwudwhv dq lpsruwdqw jhqhudo htxloleulxp fkdudfwhulvwlf1
Lq wkh sduwldo htxloleulxp ri vhfwlrq 515 wkh lqyhqwru| glvwulexwlrq grhv qrw frqyhujh wr wkh
lqyduldqw glvwulexwlrq li wkhuh lv qr ulvn/ w ' B ' 1 Wklv devhqfh ri frqyhujhqfh lv dvvrfldwhg
zlwk  xfwxdwlrqv lq rughuv/ surgxfwlrq dqg zdjhv1 Lq wkh frpsdudeoh jhqhudo htxloleulxp vhwwlqj/
frqyhujhqfh wr wkh lqyduldqw glvwulexwlrq wdnhv sodfh ehfdxvh djhqwv zdqw wr vprrwk qrq0ohlvxuh
dfwlylwlhv ryhu wlph/ dqg zdjh fkdqjhv lqgxfh frqyhujhqfh1
Zh iroorz wkh vdph vwudwhj| dv ehiruh wr dqdo|}h wkh vwrfkdvwlf htxloleulxp/ exw gr qrw
glvsod| wkh uhvxowv1 Zlwk wkh h{fhswlrq ri f/ l dqg #/ wkh sdudphwhul}dwlrqv ri wkh frpshwlwlyh
hfrqrp| duh h{dfwo| wkh vdph dv lq wdeoh 416: Wkh frpshwlwlyh hfrqrp| kdv suhglfwlrqv iru doo
wkh vdph yduldeohv dv wkh frvwo| vhdufk prgho/ h{fhsw wkdw dyhudjh vdohv duh frqvwdqw dqg wkh
qxpehu ri vkrsshuv lv lqghwhuplqdwh1 Zlwk 50vkrfnv/ wkh lpsxovh uhvsrqvh ixqfwlrqv iru wkh
frpsdudeoh yduldeohv duh hvvhqwldoo| wkh vdph dv lq wkh vlploduo| sdudphwhul}hg rqh0sulfh frvwo|
vhdufk prgho1 Zlwk rqh txdolfdwlrq wkh vdph fdq eh vdlg iru wkh uhvsrqvhv wr d q0vkrfn1 Wkh
uhvsrqvhv wr wklv vkrfn lq wkh frpshwlwlyh prgho duh vrphzkdw ohvv shuvlvwhqw wkdq lq wkh frvwo|
vhdufk prgho16; Vlpxodwlrqv ri wkh frpshwlwlyh hfrqrp| dovr lpso| txdolwdwlyho| vlplodu ydoxhv
iru wkh frpsdudeoh vwdwlvwlfv uhsruwhg iru wkh rqh0sulfh frvwo| vhdufk prgho lq wdeoh 61 Zh qg
wkdw zlwk %W :  rughuv duh pruh yrodwloh wkdq vdohv/ exw wkdw iru doo %W ydoxhv frqvlghuhg dqg
iru doo 4  f wkh g|qdplfv ri lqyhqwru| lqyhvwphqw dqg vdohv duh vxfk wkdw wkhvh yduldeohv duh
hvvhqwldoo| xqfruuhodwhg ru qhjdwlyho| fruuhodwhg xqfrqglwlrqdoo|1
81 Frqfoxvlrq
Zh kdyh frqvwuxfwhg d g|qdplf jhqhudo htxloleulxp prgho wr dqdo|}h wkh djjuhjdwh lpsolfdwlrqv
ri E7cr lqyhqwru| srolflhv dqg kdyh lghqwlhg wzr jhqhudo htxloleulxp hhfwv= wkh hqgrjhqrxv
yduldwlrq lq wkh rughu yroxph dqg wkh lqwhudfwlrq ri wkh lqyhqwru| glvwulexwlrq zlwk glhuhqw
6:Wkh ydoxhv ri wkh {hg frvw sdudphwhu iru wkh {￿ @4 / 5 dqg 7 yhuvlrqv ri wkh frpshwlwlyh prgho duh 3 @3 /
3=33; dqg 3=368/ uhvshfwlyho|1 Wkh frpshwlwlyh fdvh lv ghqhg e| 4@ @3 1 Ilqdoo|/ zh fkrrvh wkh qrupdol}dwlrq
 @3 =
6;Wklv lv prvwo| gxh wr wkh idfw wkdw wkh h{shfwhg wlph ehwzhhq rughulqj iru d w|slfdo uhwdlohu lv orzhu lq wkh
frpshwlwlyh fdvhv uhodwlyh wr wkhlu frpsdudeoh frvwo| vhdufk fdvhv1
5;sulflqj srolflhv dfurvv uhwdlohuv1 Zh kdyh vkrzq wkdw erwk jhqhudo htxloleulxp hhfwv duh qhfhv0
vdu| wr dffrxqw iru wkh revhuydwlrqv wkdw rughuv duh pruh yrodwloh wkdq vdohv dqg wkdw lqyhqwru|
lqyhvwphqw lv srvlwlyho| fruuhodwhg zlwk vdohv1 Pruhryhu/ wkh prgho lv frqvlvwhqw zlwk rwkhu
vdolhqw ihdwxuhv ri wkh exvlqhvv f|foh1
D frpshwlwlyh htxloleulxp yhuvlrq ri wkh prgho/ lq zklfk wkh hqwu| fkdqqho lv wkh rqo| jhqhudo
htxloleulxp ihhgedfn hhfw/ plplfv wkh frvwo| vhdufk hfrqrp| ghvfulehg lq wkh pdlq sduw ri wkh
sdshu/ h{fhsw iru wkh lqyhqwru| lqyhvwphqw0vdohv fruuhodwlrq dqg wkh surf|folfdolw| ri dyhudjh
vdohv1 Wkh frpshwlwlyh htxloleulxp kdv wkh dgydqwdjh ri ehlqj pxfk pruh dphqdeoh wr qxphulfdo
dqdo|vlv vlqfh lw hvfkhzv wkh wuhdwphqw ri lglrv|qfudwlf ulvn iru uhwdlohuv dqg lpsolfdwlrqv ri
wklv ulvn iru rswlpdo sulfh vhwwlqj1 Zh lqwhusuhw wklv uhvxow dv surylglqj vrph mxvwlfdwlrq iru
devwudfwlqj iurp plfurhfrqrplf ghwdlo lq ixwxuh zrun rq wkh uhodwlrq ehwzhhq oxps| lqyhqwru|
dgmxvwphqw dqg wkh exvlqhvv f|foh16< Dqrwkhu dgydqwdjh ri wkh frpshwlwlyh prgho lv wkdw lw lv
uhodwlyho| hdv| wr h{whqg1 Iru h{dpsoh lw fdq eh xvhg wr vwxg| dw ohdvw wzr lpsruwdqw h{whqvlrqv1
Iluvw/ h{solflw yduldwlrq lq wkh lqwhuyhqwlrq srlqwv ri wkh lqyhqwru| srolf| ryhu wkh exvlqhvv f|foh/
dqg vhfrqg lqfrusrudwlqj E7cr lqyhqwru| srolflhv lqwr wkh vwdqgdug qhrfodvvlfdo jurzwk prgho
zlwk fdslwdo dffxpxodwlrq1
Ilqdoo|/ wkh lqyhqwru| sureohp zh kdyh vwxglhg lv mxvw rqh h{dpsoh ri wkh jhqhudo sureohp
ri rswlpdo frqwuro zlwk {hg dgmxvwphqw frvwv1 Rwkhu h{dpsohv wkdw kdyh ehhq vwxglhg lq wkh
olwhudwxuh lqfoxgh wkh dgmxvwphqw ri krxvhv/ frqvxphu dqg surgxfhu gxudeohv/ sulfhv/ hpsor|0
phqw/ dqg fdvk edodqfhv1 Wkh edvlf vwudwhj| iru dqdo|}lqj wkh jhqhudo htxloleulxp hhfwv ri
E7cr srolflhv zh sxuvxh lq wklv sdshu lv wr frpelqh glvfuhwhqhvv lq wkh fkrlfhv ri uhwdlohuv zlwk
d iuhh0hqwu| frqglwlrq wr hqvxuh wkdw djjuhjdwh dgmxvwphqw wdnhv sodfh lq wkh pdvv ri uhwdlohuv
dqg qrw lq wkh ghflvlrqv ri lqglylgxdo uhwdlohuv iru vpdoo djjuhjdwh vkrfnv1 Wklv whfkqltxh fdq
eh dssolhg lq rwkhu vhwwlqjv zlwk E7cr0w|sh srolfhv1 Iru h{dpsoh/ lq wkh sulfh0vhwwlqj prgho
ri Ehqderx +4<;;/ 4<<5, dgglqj glvfuhwhqhvv wr wkh suhihuhqfhv ri frqvxphuv zrxog hqvxuh wkdw
sulfhv wdnh rq glvfuhwh ydoxhv1 Zlwk vpdoo djjuhjdwh vkrfnv zh h{shfw wkdw wkh iuhh0hqwu| frq0
glwlrq lq wkdw prgho zrxog lpso| wkdw djjuhjdwh dgmxvwphqw zrxog wdnh sodfh lq wkh pdvv ri
6<Wkh zrun ri Fdsolq dqg Ohdk| +4<<4, vxjjhvwv wkh vlplodulw| ehwzhhq wkh frpshwlwlyh dqg wkh vhdufk prgho
pd| ghshqg rq wkh rqh0vlghg qdwxuh ri wkh +V>v, srolflhv zh vwxg| dqg wkdw zlwk wzr0vlghg srolflhv lglrv|qfudwlf
ulvn pd| sod| d pruh lpsruwdqw uroh1
5<upv dqg qrw lq wkh sulfh0vhwwlqj srolflhv ri lqglylgxdo upv1
63Dsshqgl{
Lq wklv dsshqgl{ zh vwdwh dqg suryh wkh sursrvlwlrqv uhihuuhg wr lq wkh pdlq wh{w1
Dvvxpswlrq 41 Ohw -:/ dqg ghpdqg lv hodvwlf/ [ER'B
￿ERR*BER : / qrqlqfuhdvlqj/
B
￿  f/ erxqghg/ f  BER  / dqg lw dwwdlqv wkh xsshu erxqg iru vrph srvlwlyh sulfh R,/
BER,' 1 Hlwkhu +d, wkh hodvwlflw| ri ghpdqg lv frqvwdqw/ ru +e, wkh ghpdqg ixqfwlrq dwwdlqv
lwv orzhu erxqg iru vrph qlwh sulfh R￿1
Uhpdun 41 Wkh uhsuhvhqwdwlyh krxvhkrog*v rswlpdo uhvhuydwlrq xwlolw| vwudwhj| ghvfulehg lq
vhfwlrq 6 lpsolhv wkdw +d, zloo eh vdwlvhg li jrrg vshflf xwlolw| vkrfnv duh glvwulexwhg dffruglqj
wr d Sduhwr glvwulexwlrq/ dqg +e, zloo eh vdwlvhg li wkh vkrfnv iroorz d xqlirup glvwulexwlrq1
Sursrvlwlrq 41 Dvvxph wkdw B vdwlvhv Dvvxpswlrq 41 Wkhq wkh fkdqjh lq wkh fdslwdo ydoxh ri
d uhwdlohu/ wkdw lv {T% ' T%  T%3￿/ dqg wkh rswlpdo sulfh R%/ duh erwk ghfuhdvlqj lq %1
Surri1 Wkh uvw rughu frqglwlrq iru dq rswlpdo sulfh lpsolhv wkdw pdujlqdo frvw lv ohvv wkdq ru





Jlyhq wkdw [ER : / wklv lv dovr vx!flhqw iru d pd{lpxp1 Iurp Dvvxpswlrq 4 lw iroorzv wkdw
s￿ lv lqfuhdvlqj lq R%1 Wkxv wkh rswlpdo sulfh lv lqfuhdvlqj zlwk wkh glvfrxqwhg fdslwdo orvv
dvvrfldwhg zlwk wkh vdoh ri rqh xqlw ri wkh jrrg1 Iurp wkh ghqlwlrq ri T% lw iroorzv wkdw
{T%*- ' s2ER%cT %3￿'
wBER%R%  E  -3￿T%3￿
wBER%n-  
 +58,
Zh zdqw wr vkrz wkdw iru dq| T%3￿ wkhuh h{lvw xqltxh R% dqg T% zklfk vdwlvi| htxdwlrqv +57,
dqg +58,1
Vxssrvh wkdw s2ERcT   s￿ER iru doo R/w k h qR% ' R, dqg T% lv ghwhuplqhg iurp +58,1









Li frqglwlrq +d, iurp Dvvxpswlrq 4 dssolhv wkhq iru R vx!flhqwo| odujh s2ERcT   s￿ER1E r w k
s￿ dqg s2 duh frqwlqxrxv/ wkhuhiruh wkhuh h{lvwv d R% vxfk wkdw s2ER%cT's￿ER%1 Vrph dojheud
vkrzv wkdw Ys2ER%cT*YR 'f / dqg vlqfh s￿ lv vwulfwo| lqfuhdvlqj lq R/ wkh sulfh R% lv xqltxh1
Qrz vxssrvh wkdw frqglwlrq +e, ri Dvvxpswlrq 4 dssolhv1 Wkxv iru R  R,/ s2ERcT%3￿  f/d q g
s￿ER  f1 E| wkh vdph dujxphqw dv deryh wkhuh h{lvwv d xqltxh R% :R , zklfk vroyhv +57, dqg
+58,1 Vlqfh s2 lv ghfuhdvlqj lq T / wkh lqfuhphqw {T% lv ghfolqlqj zlwk %1
Dvvxpswlrq 51 Doo upv lq wkh uhwdlo lqgxvwu| iroorz E%Wcf lqyhqwru| srolflhv/ %W   / sulfh
vwudwhjlhv vxfk wkdw wkh suredelolw| ri d vdoh lv iB% G % ' cc% Wj/d q gw| 5 dwcwocf 	w	 w	c
iru doo |  f
64Sursrvlwlrq 51 Jlyhq Dvvxpswlrq 5/ iurp dq| lqlwldo glvwulexwlrq 7 }f/ 7 }| frqyhujhv wr wkh lq0
yduldqw glvwulexwlrq +6,/
*4








Surri1 Frqvlghu d jlyhq uhdol}dwlrq ri iw|j
"




9 9 9 9 9 9 9
7
E  w|B￿ w|B2 ff  ff
fE   w|B2 w|B￿ f  ff




1 1 1 111 1 1 1
1 1 1
w|B￿ ff f  fE   w|B%W
6
: : : : : : :
8
c
dqg h ￿ ' ￿nE%W3￿￿ ￿n￿￿/   f1L wl vh d v |w ry h u l i |w k d wi r ud q |  f/ h ￿ lv d srvlwlyh
vwrfkdvwlf pdwul{1 Wkh uhvwulfwlrq ri w| wr d frpsdfw vwulfw vxevhw ri wkh xqlw lqwhuydo jxdudqwhhv
wkdw wkh vxp ryhu wkh plqlpxp hohphqwv lq hdfk froxpq ri h ￿ lv dozd|v juhdwhu wkdq vrph
0:f1D o v r /i r ud q ||  f/ wkh lqyduldqw glvwulexwlrq +6, lv d xqltxh {hg srlqw ri wkh pdsslqj
7 }|n￿ ' |7 }|1 Wkh uhvxow fdq eh hvwdeolvkhg qrz xvlqj wkh surri ri Wkhruhp 4417 lq Vwrnh| dqg
Oxfdv +4<;<,1 
Sursrvlwlrq 61 Qrupdol}h wkh qxpehu ri upv lq wkh uhwdlo lqgxvwu| wr xqlw|1 Jlyhq Dvvxps0
wlrq 5/ li wkh lqyhqwru| glvwulexwlrq kdv frqyhujhg wr lwv lqyduldqw glvwulexwlrq/ wkhq
+l, Wkh yduldqfh ri rughuv htxdov wkh yduldqfh ri vdohv1
+ll, Lqyhqwru| lqyhvwphqw dqg vdohv duh qhjdwlyho| fruuhodwhg1
+lll, Rughuv dqg vdohv duh qrw pruh yrodwloh wkdq ghpdqg dqg wkh dxwrfruuhodwlrqv ri rughuv
dqg vdohv htxdo wkh dxwrfruuhodwlrq ri ghpdqg1
+ly, Rughuv dqg vdohv duh srvlwlyho| fruuhodwhg rqo| li ghpdqg lv srvlwlyho| dxwrfruuhodwhg1
Surri1 Dw wlph |/ djjuhjdwh vdohv/ |/ htxdov wkh sursruwlrq ri uhwdlohuv wkdw pdnh d vdoh/ wkdw
lv | '
S








1 Djjuhjdwh rughuv/ t| htxdo wkh sursruwlrq ri uhwdlohuv









1 Djjuhjdwh lqyhqwrulhv dw wkh ehjlqqlqj ri wlph |n/ U|n￿/ vdwlvhv wkh lghqwlw|
















{U n2U L  E c{U /
zkhuh j2
5/ ghqrwhv wkh xqfrqglwlrqdo yduldqfh ri 5 ' tcc{U1V l q f hj2
t ' j2
￿/ lw iroorzv wkdw
ULEc{U'j2
{U*2/ zklfk hvwdeolvkhv +ll,1
Sursrvlwlrq 71 Wkhuh h{lvwv d xqltxh vroxwlrq wr wkh rswlpl}dwlrq sureohp
4@ ?rc^ L ESc?r
v1w1 S ' l?r/^c
l?r/eE^'6c
+59,
65Surri1 Wkh krxvhkrog kdv wkh rswlrq ri vhqglqj rxw vkrsshuv zlwk glhuhqw uhvhuydwlrq xwlolw|
srolflhv1 Wklv phdqv wkdw wkh krxvhkrog grhv qrw fkrrvh dq| sduwlfxodu txdolw| ^/ exw d vljqhg
phdvxuh rq wkh vhw ri ihdvleoh txdolwlhv dfc.doo1 Iru vlpsolflw| dvvxph wkdw wkh krxvhkrog
fdq fkrrvh dprqj d qlwh vhw ri srolflhv iE^￿ce ￿G ' ccaj/l qz k l f ke￿ lv wkh plqlpdo
h{shqglwxuh zkhq wkh h{shfwhg pdwfk txdolw| lv ^￿1 Wkh krxvhkrog fdq vhqg rxw d phdvxuh l?r￿
ri vkrsshuv doo ri zkrp iroorz wkh 0wk uhvhuydwlrq xwlolw| srolf|1 Wkh xwlolw| lqgh{ iru pdunhw
j r r g vi u r pw k l vs r o l f |l vl/
S
￿ ^￿?r￿ dqg wkh frvw iurp wklv srolf| lv l/
S
￿ e￿?r￿1 Fohduo| wkh
krxvhkrog lv vroylqj d frqfdyh rswlpl}dwlrq sureohp1 Vxssrvh wkdw wkh h{shqglwxuh ixqfwlrq
lv vwulfwo| frqfdyh lq txdolw| ^/ wkdw lv pdujlqdo frvw ri txdolw| b lv lqfuhdvlqj lq txdolw|/ dv lv
wkh fdvh khuh1 Dsso|lqj wkh vdph dujxphqwv dv lq Kruqvwhlq dqg Suhvfrww +4<<6,/ rqh fdq vkrz
wkdw iru wkh olplwlqj fdvh ri erxqghg vljqhg phdvxuhv rq dfc.doo wkh rswlpdo srolf| zloo sxw
srvlwlyh pdvv rq rqh srolf| rqo| dqg wklv lv wkh vroxwlrq wr +59,1 Wklv dssurdfk lv dqdorjrxv wr
wkh xvh ri orwwhulhv lq wkh frqwh{w ri qrq0frqyh{ sureohpv/ vhh iru h{dpsoh Urjhuvrq +4<;:, ru
Kdqvhq +4<;8,1
Sursrvlwlrq 81 Ohw 8 eh dv ghqhg lq +54,1 Dq htxloleulxp vdwlvhv +l, li krxvhkrogv xvh wkh
uhvhuydwlrq sulfh srolf| +55, wkhq wkh rhu sulfh vwudwhj| +56, lv rswlpdo iru d uhwdlohu> dqg
+ll, li uhwdlohuv xvh wkh rhu sulfh vwudwhj| +56, wkh uhvhuydwlrq sulfh srolf| +55, lv rswlpdo iru
krxvhkrogv1
Surri1 +l, Wkh rswlpdo sulfh srolf| ri wkh uhwdlohu lv edvhg rq wkh iroorzlqj dujxphqw1 Lq
htxloleulxp qr sulfh orzhu wkdq b, zloo hyhu eh rhuhg e| d uhwdlohu ehfdxvh wkh suredelolw| ri
dffhswdqfh e| d vkrsshu lv d frqvwdqw dw wkhvh sulfhv/ dqg h{shfwhg uhyhqxhv duh lqfuhdvlqj lq
wkh rhu sulfh iru doo sulfhv R	b  ,1 Iru d vlplodu uhdvrq/ qr sulfh lq wkh uhjlrq b, 	R	b  ￿
zloo hyhu eh rhuhg1 Ilqdoo|/ qr sulfh kljkhu wkdq b￿ zloo hyhu eh rhuhg/ xqohvv wkh uhwdlohu
h{shfwv uhyhqxhv lq wkh iroorzlqj shulrg wr eh h{fhswlrqdoo| kljk1 Wkh suhfhglqj dujxphqw
vxjjhvwv wkdw e| mxglflrxv fkrlfh ri , dqg ￿ dw prvw wzr sulfhv/ b, dqg b￿/ zloo hyhu eh
rhuhg e| uhwdlohuv lq dq| jlyhq shulrg1 Qrwlfh/ krzhyhu/ wkdw li wkh glhuhqfh ehwzhhq , dqg
￿ lv vx!flhqwo| vpdoo/ wkhq rqo| rqh sulfh/ b,/ zloo eh rhuhg lq d jlyhq shulrg1 Wklv lv ehfdxvh
iru ￿ vx!flhqwo| forvh wr ,/ wkh jdlq lq uhyhqxhv iurp d vdoh lv pruh wkdq rvhw e| wkh orzhu
suredelolw| wkdw d vdoh zloo dfwxdoo| wdnh sodfh1 Krxvhkrogv rqo| jr vkrsslqj li wkh dfwlylw| kdv
d srvlwlyh qhw uhwxuq1 Wklv phdqv wkhuh zloo qhyhu eh d rqh0sulfh htxloleulxp zlwk wkh sulfh
htxdo wr b￿ ehfdxvh lq wklv fdvh vkrsslqj zrxog kdyh d }hur qhw uhwxuq1
+ll, Zh vkrz wkdw li wkh krxvhkrog frqvxphv wkh jrrg/ wkhq wkh krxvhkrog lv lqglhuhqw dprqj
doo pl{hg vwudwhjlhv ri wkh irup cdffhsw li ￿ :R ￿*b dqg dffhsw zlwk suredelolw| @￿ 5 dfco li
￿ ' R￿*b iru c ' ,c*1 Wklv lpsolhv wkdw wkh uhvhuydwlrq sulfh srolf| +55, lv rswlpdo1




1 Qrwh wkdw wkh krxvhkrog wdnhv
7 b ' b dv jlyhq1 Iru wkh vshflhg pl{hg vwudwhjlhv wkh krxvhkrog*v plqlpdo h{shfwhg h{shqglwxuh
shu h{shfwhg pdwfk txdolw| lv







%:%￿ E7 }%*1 Dqdorjrxv wr wkh surri ri Sursrvlwlrq 7 zh fdq lpdjlqh wkh krxvhkrog
vhqglqj rxw vkrsshuv zlwk glhuhqw pl{hg vwudwhjlhv1 Iru vlpsolflw| djdlq dvvxph wkdw wkh
krxvhkrog kdv d fkrlfh dprqj d qlwh vhw ri pl{hg vwudwhjlhv uhvxowlqj lq h{shqglwxuh0txdolw|
sdluv Ee￿c^ ￿
a
￿’￿1O h w l?r￿ eh wkh phdvxuh ri vkrsshuv zlwk wkh 0wk pl{hg vwudwhj|/ wkhq wkh








L?  f iru ?r￿  f
Xvlqj wkh ghqlwlrq ri wkh h{shqglwxuh ixqfwlrq +5:, dqg wkh htxloleulxp frqglwlrq wkdw 7 b '




L?  f iru ?r￿  f1
Li wkh krxvhkrog frqvxphv jrrgv wklv frqglwlrq kdv wr eh vdwlvhg iru vrph pl{hg vwudwhj|1 Vlqfh
wklv frqglwlrq lv lqghshqghqw ri wkh fkrlfh ri pl{hg vwudwhj|/ lw lv vdwlvhg iru doo pl{hg vwudwhjlhv1
Wkhuhiruh wkh krxvhkrog lv lqglhuhqw ehwzhhq fkrrvlqj dq| rqh ri wkh pl{hg vwudwhjlhv1
Uhpdun 51 Zh uhvwulfw dwwhqwlrq wr sxuh vwudwhjlhv zkhuh d vkrsshu dffhswv dq rhu hyhq li kh
lv h{dfwo| lqglhuhqw ehwzhhq dffhswlqj dqg uhmhfwlqj1 Rwkhuzlvh/ li wkh sulfh pxvw eh vwulfwo|
ohvv wkdq wkh uhvhuydwlrq xwlolw| wr eh dffhswhg/ wkhuh lv qr htxloleulxp ehfdxvh uhwdlohuv zrxog
kdyh dq lqfhqwlyh wr lqfuhdvh rhu sulfhv1
Sursrvlwlrq 91 Zkhq wkh uhsuhvhqwdwlyh krxvhkrog lv yhu| h!flhqw/ *l 'f / wkhuh h{lvwv d
frpshwlwlyh htxloleulxp dqg lw lv xqltxh1
Surri1 Zh vkrz wkdw rxu hqylurqphqw fruuhvsrqgv wr wkdw ri d vwdqgdug rswlpdo jurzwk prgho
zkhq wkh uhsuhvhqwdwlyh krxvhkrog lv d yhu| h!flhqw vkrsshu1 Wklv hqylurqphqw vdwlvhv doo
wkh xvxdo frqglwlrqv ri wkh zhoiduh wkhruhpv dqg d vroxwlrq wr wkh vrfldo sodqqlqj sureohp fdq
eh ghfhqwudol}hg dv d frpshwlwlyh htxloleulxp/ dv ghvfulehg lq vhfwlrq 61 Lq wkh wh{w zh rqo|
frqvlghu htxloleuld iru zklfk uhwdlohuv zlwk srvlwlyh ehjlqqlqj0ri0shulrg lqyhqwru| kroglqjv gr
qrw sodfh rughuv1 Zh gr qrw lpsrvh wklv uhvwulfwlrq lq wkh iroorzlqj1
Lq dq| shulrg wkh djjuhjdwh vwdwh ri wkh hfrqrp| lv jlyhq e| wkh phdvxuh ri uhwdlohuv ryhu
lqyhqwru| kroglqjv }| 'd }%c| G % ' cc7 %  o 5? 7 %3￿
n / dqg wkh h{rjhqrxv vwdwh 3|1D v q r w h g
ehiruh 7 % lv wkh fdsdflw| frqvwudlqw/ wkdw lv uhwdlohuv fdqqrw krog pruh wkdq 7 % xqlwv ri jrrgv lq
lqyhqwru| zlwklq d shulrg1 Wkh phdvxuh ri lqyhqwru| kroglqjv fkdqjhv ehfdxvh ri rughu ghflvlrqv
dqg vdohv1 Ohw 	 }%%￿c| eh wkh phdvxuh ri uhwdlohuv zkr vwduw rxw zlwk % xqlwv ri lqyhqwru| dw wkh
ehjlqqlqj ri wkh shulrg dqg sodfh dq rughu ri %￿ xqlwv/ zkhuh % 'f cc7 %/d q g%￿ ' cc7 %1
Ohw 	 }| 'd 	 }%%￿c| G % 'f cc7 %  / %￿ ' cc7 %/d q g% n %￿  7 %o 5?
7 %E7 %n￿￿*2
n ghqrwh wkh yhfwru ri
rughu phdvxuhv zklfk vdwlvi| wkh fdsdflw| frqvwudlqw1 Hqwu| rffxuv li 	 }f%￿c| : f1W k h q x p e h u
ri uhwdlohuv zkr rughu ehiruh wkh| vhoo doo ri wkhlu lqyhqwru| fdqqrw eh odujhu wkdq wkh qxpehu
ri uhwdlohuv zlwk wkh jlyhq lqlwldo lqyhqwru| kroglqj/ wkdw lv wkh iroorzlqj frqvlvwhqf| frqvwudlqw
dssolhv iru wkh phdvxuh ri rughu ghflvlrqv
[
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	 }%%￿c|  }%c| iru %   +5;,
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+c|/+ 5 < ,
67dqg wkh glvwulexwlrq ri lqyhqwru| kroglqjv diwhu rughuv kdyh ehhq oohg lv
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dqg qh{w shulrg*v lqlwldo lqyhqwru| kroglqjv duh
}%c|n￿ '7 }%n￿c|1+ 6 5 ,
Ehfdxvh wkh krxvhkrog lv yhu| h!flhqw dw vkrsslqj wkhuh lv qr ohlvxuh orvv dvvrfldwhg zlwk
frqwdfwlqj uhwdlohuv dqg ?| ' ?+c| dqg suhihuhqfhv L duh dv ghqhg lq +7,1 Wkh frqvwudlqwv duh
vxppdul}hg lq wkh vhw KE}|c3|'iES|c? |c} |n￿= vxfk wkdw wkhuh h{lvw 	 }|c7 }|  f dqg S|/ ?|/ 	 }|/ 7 }|/
}|n￿ vdwlvi| +5;,/ +5<,/ +63,/ +64,/ dqg +65,j1W k hv h wK lv forvhg dqg frqyh{/ dqg vlqfh ?| dqg
5| duh erxqghg/ wkh vhw lv dovr frpsdfw1 Dsso|lqj vwdqgdug wkhruhpv iurp Vwrnh| dqg Oxfdv
+4<;<,/ zh fdq vkrz wkdw wkh g|qdplf surjudpplqj sureohp iru wklv g|qdplf rswlpl}dwlrq
sureohp
X E}c3'4 @  




lv zhoo ghqhg/ dqg vlqfh L lv vwulfwo| frqfdyh/ wkh rswlpdo srolf| lv xqltxh1
Uhpdun 61 Dq h{whqvlrq ri wkh frpshwlwlyh prgho zklfk lqfoxghv fdslwdo lv lpphgldwh1
68Uhihuhqfhv
Djxluuhjdeluld/ Ylfwru1 4<<71 D G|qdplf Vwuxfwxudo Prgho ri Sulfh dqg Lqyhqwru| Ghflvlrqv
zlwk Il{hg Dgmxvwphqw Frvwv1 Xqlyhuvlw| ri Zhvwhuq Rqwdulr plphr1
Ehqderx/ Urodqg1 4<;;1 Vhdufk/ Sulfh Vhwwlqj dqg Lq dwlrq1 Uhylhz ri Hfrqrplf Vwxglhv 88/
68606:61
Ehqderx/ Urodqg1 4<<51 Lq dwlrq dqg H!flhqf| lq Vhdufk Pdunhwv1 Uhylhz ri Hfrqrplf
Vwxglhv 8</ 5<<065<1
Ehqwdo/ Ehqmdplq dqg Hghq/ Ehqmdplq1 4<<61 Lqyhqwrulhv lq d Frpshwlwlyh Hqylurqphqw1
Mrxuqdo ri Srolwlfdo Hfrqrp| 434/ ;960;91
Ehqkdele/ Mhvv/ Urjhuvrq/ Ulfkdug dqg Zuljkw/ Udqgdoo1 4<<41 Krphzrun lq Pdfurhfrqrplfv=
Krxvhkrog Surgxfwlrq dqg Djjuhjdwh Ioxfwxdwlrqv1 Mrxuqdo ri Srolwlfdo Hfrqrp| <</
44990;:1
Eolqghu/ Dodq V1 4<;41 Uhwdlo Lqyhqwru| Ehkdylru dqg Exvlqhvv Ioxfwxdwlrqv1 Lq Eurrnlqjv
Sdshuv rq Hfrqrplf Dfwlylw|/ hg1 Zlooldp F1 Eudlqdug dqg Jhrujh O1 Shuu|/ 5= 77608381
Eolqghu/ Dodq V1/dqg Pdfflql/ Orxlv M1 4<<41 Wdnlqj Vwrfn= D Fulwlfdo Dvvhvvphqw ri Uhfhqw
Uhvhdufk rq Lqyhqwrulhv1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 8/ :60<91
Fdedoohur/ Ulfdugr M1 4<<51 D Idoodf| ri Frpsrvlwlrq1 Dphulfdq Hfrqrplf Uhylhz ;5/ 45:<0
<51
Fdedoohur/ Ulfdugr M1 dqg Hqjho/ Hgxdugr P1U1D1 4<<41 G|qdplf E7cr Hfrqrplhv1 Hfrqr0
phwulfd 8</ 498<0;91
Fdsolq/ Dqguhz V1 4<;81 Wkh Yduldelolw| ri Djjuhjdwh Ghpdqg zlwk E7cr Lqyhqwru| Srolflhv1
Hfrqrphwulfd 86/ 46<8047431
Fdsolq/ Dqguhz V1 dqg Vsxoehu/ Gdqlho I1 4<;:1 Phqx Frvwv dqg wkh Qhxwudolw| ri Prqh|1
Txduwhuo| Mrxuqdo ri Hfrqrplfv 435/ :360:581
Fdsolq/ Dqguhz dqg Ohdk|/ Mrkq1 4<<41 Vwdwh0ghshqghqw sulflqj dqg wkh g|qdplfv ri rxwsxw
dqg sulfhv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 439/ 9;60:3;1
Fkulvwldqr/ Odzuhqfh M1 4<;;1 Zk| Gr Lqyhqwrulhv Ioxfwxdwh Vr PxfkB Mrxuqdo ri Prqhwdu|
Hfrqrplfv 54/ 57:0;31
Fkulvwldqr/ Odzuhqfh M1 dqg Ilvkhu/ Mrqdv G1P1 4<<71 Dojrulwkpv iru Vroylqj G|qdplf Prghov
zlwk Rffdvlrqdoo| Elqglqj Frqvwudlqwv1 Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1 Uhvhdufk
Ghsduwphqw1 Vwd Uhsruw 4:41
Fkulvwldqr/ Odzuhqfh M1 dqg Ilw}jhudog/ Whuu|1 4<<41 Wkh Pdjqlwxgh ri wkh Vshfxodwlyh Pr0
wlyh iru Kroglqj Lqyhqwrulhv lq d Uhdo Exvlqhvv F|foh Prgho1 Ihghudo Uhvhuyh Edqn ri
Plqqhdsrolv1 Lqvwlwxwh ri Hpslulfdo Pdfurhfrqrplfv1 Glvfxvvlrq Sdshu 431
69Idlu/ Ud| F1 Wkh surgxfwlrq0vprrwklqj prgho lv dolyh dqg zhoo1 Mrxuqdo ri Prqhwdu| Hfrqrplfv
57/ 6860971
Ilvkhu/ Mrqdv G1P1 dqg Kruqvwhlq/ Dqguhdv1 4<<91 E7cr Lqyhqwrulhv lq Jhqhudo Htxloleulxp1
Ihghudo Uhvhuyh Edqn ri Fklfdjr1 Zrunlqj Sdshu <90571
Juhhqzrrg/ Mhuhp|/ Khufrzlw}/ ]yl/ dqg Kxpdq/ Juhjru| Z1 4<;;1 Lqyhvwphqw/ Fdsdflw|
Xwlol}dwlrq/ dqg wkh Uhdo Exvlqhvv F|foh1 Dphulfdq Hfrqrplf Uhylhz :;= 73504:1
Kdqvhq/ Jdu|1 4<;81 Lqglylvleoh Oderu dqg wkh Exvlqhvv F|foh1 Mrxuqdo ri Prqhwdu| Hfrqrplfv
49/ 63<05:1
Kruqvwhlq/ Dqguhdv/ dqg Suhvfrww/ Hgzdug F1 4<<61 Wkh Ilup dqg wkh Sodqw lq Jhqhudo
Htxloleulxp Wkhru|1 Lq Jhqhudo Htxloleulxp/ Jurzwk/dqg Wudgh Yro1 5/ hg1 Urehuw
Ehfnhu hw do1/ 6<607431 Vdq Glhjr= Dfdghplf Suhvv1
Mxgg/ Nhqqhwk O1 4<<51 Surmhfwlrq Phwkrgv iru Vroylqj Djjuhjdwh Jurzwk Prghov1 Mrxuqdo
ri Hfrqrplf Wkhru| 8;= 7430851
Ndkq/ Mdphv D1 4<;:1 Lqyhqwrulhv dqg wkh yrodwlolw| ri surgxfwlrq1 Dphulfdq Hfrqrplf Uhylhz
::/ 99:0:<1
Nudqh/ Vshqfhu G1 dqg Eudxq/ Vwhyhq Q1 4<<41 Surgxfwlrq vprrwklqj hylghqfh iurp sk|vlfdo0
surgxfw gdwd1 Mrxuqdo ri Srolwlfdo Hfrqrp| <</ 88;0;41
N|godqg/ Ilqq/ dqg Suhvfrww/ Hgzdug F1 4<;51 Wlph wr Exlog dqg Djjuhjdwh Ioxfwxdwlrqv1
Hfrqrphwulfd 83/ 46780:31
Oryhoo/ Plfkdho F1 4<<61 Vlpxodwlqj wkh Lqyhqwru| F|foh1 Mrxuqdo ri Hfrqrplf Ehkdylru dqg
Rujdql}dwlrq 54/ 47:0:<1
Phw}ohu/ Oor|g1 4<741 Wkh Qdwxuh dqg Vwdelolw| ri Lqyhqwru| F|fohv1 Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv 56/ 446045<1
Urjhuvrq/ Ulfkdug1 4<;:1 Dq Htxloleulxp Prgho ri Vhfwrudo Uhdoorfdwlrq1 Mrxuqdo ri Srolwlfdo
Hfrqrp| <8/ ;570671
Vfdui/ Khuehuw1 4<931 Wkh Rswlpdolw| ri +V/v, Srolflhv lq wkh G|qdplf Lqyhqwru| Sureohp1
Lq Nhqqhwk M1 Duurz/ Vdpxho Nduolq/ dqg Sdwulfn Vxsshv1 Pdwkhpdwlfdo Phwkrgv lq
wkh Vrfldo Vflhqfhv/ 4<8<1 Surfhhglqjv ri wkh Iluvw Vwdqirug V|psrvlxp1 ss1 4<905351
Vwdqirug Xqlyhuvlw| Suhvv= Vwdqirug FD1
Vreho/ Mrho/ dqg Wdndkdvkl/ Lfklur1 4<;61 D pxowlvwdjh prgho ri edujdlqlqj1 Uhylhz ri Hfr0
qrplf Vwxglhv 83/ 7440591
Vwrnh|/ Qdqf| dqg Oxfdv/ Urehuw H1 4<;<1 Uhfxuvlyh Phwkrgv lq Hfrqrplf G|qdplfv1F d p 0
eulgjh PD= Kduydug Xqlyhuvlw| Suhvv1
6:Wdeoh 41 Sdudphwhu Ydoxhv iru wkh Edvholqh H{shulphqwv1
Sdqho D= Sdudphwhuv Il{hg
Dfurvv H{shulphqwv
v 'f 2 k 'f Se q ' fD3￿*￿2
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> 'f 2D 4 'f b j 'f f
Sdqho E= Sdudphwhuv Zklfk
Ydu| Dfurvv H{shulphqwv
E%Wc% ￿ f #l
+4/3, 3 31468 :3416
+5/3, 31343 31468 9<<19
+5/4, 31348 31636 <661<
+7/3, 31379 31468 9<:14
+7/5, 31388 3186; 85713
Qrwh= Wkh wdeoh hqwulhv iru # duh lq shu fhqw dqg doo rwkhu hqwulhv duh lq ohyhov1
Wdeoh 51 Vwhdg| Vwdwh Ydoxhv ri Vhohfwhg Yduldeohv iru wkh Edvholqh H{shulphqwv1
E%Wc% ￿'
Vwdwlvwlf Ecf E2cf E2c Eecf Eec2
Lqyhqwrulhv 2 Vdohv 314; 31:9 4168 41<6 51:<
H{shfwhg Wlph Ehwzhhq Rughuv 414: 5165 617: 71:4 :137
Qrwh= H{shfwhg wlph ehwzhhq rughuv lv wkh phdq wlph ehwzhhq rughulqj iru wkh w|slfdo up lq
prqwkv1
Wdeoh 61 Vwdwlvwlfv Lpsolhg e| wkh Prgho1
Whfkqrorj| Vkrfnv/ E%Wc% ￿' Glvfrxqw Udwh Vkrfnv/ E%Wc% ￿'
Vwdwlvwlf Ecf E2cf E2c Eecf Eec2 Ecf E2cf E2c Eecf Eec2
j￿ 5144 5133 41<6 41;6 41:7 314< 31:5 413: 4174 4199
jt *j￿ 4135 4136 413< 4138 4147 4136 4136 413; 4138 4146
j{U 3143 3156 3157 3167 3167 3134 313< 3148 315; 3168
4Ect 31<< 31<: 31<: 31<6 31<7 31<< 31<: 31<: 31<5 31<6
4Ec{U 314; 3135 3157 03137 3148 3148 03134 3153 0313; 3144
4Ec* 031<< 031<< 03146 031<< 03139 031<< 031<: 03179 031<5 03167
4E|c |3￿ 31<6 31<: 31<: 31<< 31<< 31<7 31<; 31<: 31<< 31<<
4Et|ct |3￿ 31<3 31<7 31<5 31<8 31<7 31<3 31<8 31<5 31<8 31<8
4E{U|c{U|3￿ 3147 3176 319; 319< 31:6 3147 3177 319: 319< 31:6
Qrwh= Yrodwlolw| vwdwlvwlfv duh suhvhqwhg dv d sursruwlrq ri wkh vwdqgdug ghyldwlrq ri wkh h{rjh0
qrxv vkrfn1
6;Iljxuh 4= Rqh0Sulfh Lpsxovh Uhvsrqvhv wr Whfkqrorj| Vkrfnv/ 4 'f b
6<Iljxuh 5= Rqh0Sulfh Lpsxovh Uhvsrqvhv wr Whfkqrorj| Vkrfnv/ 4 'f
73Iljxuh 6= Rqh0Sulfh Lpsxovh Uhvsrqvhv wr Glvfrxqw Udwh Vkrfnv/ 4 'f b
74Iljxuh 7= Wzr0Sulfh Lpsxovh Uhvsrqvhv wr Whfkqrorj| Vkrfnv/ 4 'f b
75Iljxuh 8= Wzr0Sulfh Lpsxovh Uhvsrqvhv wr Glvfrxqw Udwh Vkrfnv/ 4 'f b
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